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. Health. 


THE MEDICAL CURRICULUM 


HREE years ago the Inter-Departmental Com- 

mittee on Medical Schools—better known as the 
Goodenough Committee—issued its now celebrated 
report on the “Organisation of Medical Schools, 
particularly in regard to facilities for ciinical teaching 
and research”. Its recommendations ranged over a 
very wide field, taking in such matters as the Trelation 
of medical schools to their parent hospitals, to 
universities, and to a national health service, as well 
as such more immediate educational questions as 
facilities for clinical instruction, the scope of the 
medical curriculum, and the provision of post- 
graduate specialist education. ‘The aim of under- 
graduate medical education,” the Report laid down, 
“must be to guide medical students to such develop- 
ments of mind and character as will enable them 
when qualified to give maximum service to the 
community. It must help a student to acquire a 
scientific foundation for his professional work, a 
proper outlook on the promotion of mental and 
bodily health, an adequate knowledge of disease, a 
sympathetic understanding of people and their 
environment, a sound judgment and the ability to 
observe accurately, reason logically, and assess the 
claims of new knowledge.”” These ends, the Com- 
mittee felt, could not be achieved without a drastic 
overhaul of the present curriculum, which, it sug- 
gested, should be made a condition to be satisfied 
before any increase is made in the Treasury grant 
in aid of undergraduate medical education. The 
responsibility for initiating reforms it passed to the 
General Medical Council, to which the matter was 
referred in September of 1944 by the Minister of 
Action was immediately taken, and 
“Recommendations as to the Medical Curriculum” 
is its result*. 

At the outset it is necessary to understand what 
the statutory powers of the General Medical Council 
are. The Council was created by the Medical Act of 
1858 as a General Council of Medical Education and 
Registration, so that the public would be able to 
tell a qualified from an unqualified practitioner. It 
has consequently been the Council’s function to see 
to the maintenance of the standard of medical 
teaching, and of the qualifying examinations, of the 
medical schools and ‘licensing bodies’ through whose 
,ands students must pass on the way to qualification. 
From time to time it has accordingly published 
recommendations about the curriculum and about 
the standard of examinations, and the present 
series, which supersede recommendations issued in 
1933 and 1936, would have appeared—probably in 
somewhat different form and not necessarily now—- 
whether or not the Goodenough Committee had 
issued its independent Report. 

In its new recommendations the General Medical 
Council makes it quite clear that ven if it possessed 
the powers, it would not be in the interests of medical 
education to impose a fixed curriculum or standard- 
ized examinations. The problem is not this, but to 
assure a “reasonable uniformity of standard through 


* General Medical Council: Recommendations as to the Medical 
Curriculum. (Constable and Co., Ltd., 1947.) 2s. 6d. 
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a wide variety of method and teaching and exam- 
ination” provided and conducted by “eighteen 
different Universities, two Medical Corporations 
acting severally, and three Examining Boards acting 
on behalf of seven other such Corporations”. Because 
of the Council's easily understood reluctance to 
intervene in the jealously guarded internal affairs of 
medical, schools, it has never permitted itself the 
freedom with which the Goodenough Committee set 
about its task of saying what was wrong with the 
curriculum and teaching of different schools. It has 
consequently been at great pains to inform itself 
about the facts of medical education, both in Great 
Britain and the United States, before passing 
judgment on the detailed recommendations made by 
the Goodenough Committee, and before publishing 
its own. 

The central issue in reform is generally agreed to 
he the need to eliminate redundant and over- 
specialized material from an overloaded curriculum. 
The Goodenough Committee took the view that if 
this were done, and if the main emphasis in education 
were placed on the inculcation of fundamental 
principles and methods rather than on the implanting 
of a mass of purely factual knowledge, it would be 
possible to confine the whole medical course to a total 
period of four and a half years, comprising a pre- 
clinical period of two years and a clinical period of 
thirty months. With this fundamental conclusion 
the Council disagrees, and it lays down as its first 
recommendation that the medical curriculum should 
be spread over at least five academic years, with a 
pre-clinics] period of not less than five terms, an 
introductory clinical course of three months, and a 
thirty-three month period of clinical instruction. In 
reaching this important decision, the Council points 
out that it can do no more, in attempting to lighten 
the student’s load, than ensure that its recom- 
mendations do not encourage any of the teaching or 
licensing bodies to retain in their individual curricula 
matter which could be dispensed with. But it is 
“the deliberate judgment” of the Council of what is 
essential to the safety of the public, that the cur- 
riculum could not be crowded into a period shorter 
than five years. 

Apart from this major difference, the Council 
accepts, and in large part endorses, the suggestions 
made by the Goodenough Committee. It agrees, for 
example, about the desirability to correlate closely 
the teaching of anatomy and physiology, and it has 
included the elements of psychology in the syllabus 
of pre-clinical studies. It stipulates that there should 
be a three-months introductory clinical course before 
the student engages fully on his hospital work ; and 
in addition to training in medicine, surgery and 
midwifery and gynecology, it lays down that there 
should be strong courses in pediatrics, psychiatry 
and social medicing and public health—although it 
leaves it to the individual school to determine how 
much time is to be spent on these latter two studies. 
Important places where the Council dissents from 
the Goodenough proposals are in the suggestion that 
the period for a student’s appointments in medicine 
ean be reduced to less than six months; in the idea 
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that the average practitioner, when he completes his 
studies, will seldom be called upon to undertake 
minor operative surgery; and in laying down that 
three, and not two, months should be devoted to 
clinical clerkship in iatri 

The new series of recommendatidas is an important 
formal step forwards in British medical education. 
The care with which the General Medical Council 
refrains from making positive suggestions about how 
and by whom subjects should be taught is based 
not only on a desire to keep within its powers— 
which do not include the right of entry into schools 
—but also on a wish to encourage a divorsity of 
teaching, which it feels can only be done by leaving 
medical schools to develop so far as possible by their 
own initiative. All that the Council could do in the 
absence of further powers, as its president, Sir 
Herbert Eason, points out in a recent number o/ 
the British Medical Journal*, is to define minimum 
requirements for the curriculum, and the qualifying 
examinations, and to leave it to the schools to exceed 
this minimum, if they so wish. It is therefore now 
up to them to realize in their own individual ways 
the broad goal defined by the new recommendations. 
In doing so one hopes that the purpose of both the 
Goodenough Committee’s and the General Medical 
Council’s proposals, namely, the lightening of the 
student’s load by the elimination of unnecessary 
matter, and at the same time the direction of educa- 
tion into more useful channels, is not forgotten. It is 
essential that reforms are based on the principle, “so 
easy to enunciate”, as the General Medical Council 
observes, “so difficult to follow in detail, that 
throughout the curriculum the right instruction be 
given at the right time”’. 

* Brit. Med. J., ii, 359 (1947). 


PATENTS AND THE NATIONAL 
ECONOMY 


Inventions, Patents and Monopoly 
By Peter Meinhardt. Pp. xvi + 352. 
Stevens and Sons, Ltd., 1946.) 258. net. 
R. MEINHARDT’S book deals concisely with 
the history, practice, and possible developments 
of the British patent. system in relation to the social 
and economic conditions of Britain, and may be read 
with advantage by anyone who desires knowledge 
and understanding of the subject. It appears at 
an opportune moment, because the ‘British patent 
system has been recently under heavy fire, and will 
probably soon be the subject of legislation. 

The Statute of Monopolies, 1624, established in 
Britain a patent system which, with slight modifica- 
tions from time to time, has for generations con- 
tributed materially to making the country one of the 
greatest industrial nations, and which has been 
adopted by most of the civilized nations of the world. 
During the present generation, however, social and 
economic changes have brought patent systems in 
general, and the British system in i , under 
severe criticism, especially on the ground of alleged 
abuse of monopoly. These and other considerations 
led the President of the Board of Trade in 1944 to 
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set up, under the chairmanship of Mr. Kenneth Swan, 
K.C., @ departmental committee which, after two 
interim reports, has just issued its final report recom- 
mending many amendments of the law. Further, 
sir Stafford Cripps, recently President of the Board 
of Trade, is reported to have said that the time 
had come when a revision of our patent law must 
be considered, and to have expressed the hope 
that in the 1948-49 session the Government would 
be able to get a new Patents Bill through Parliament. 
In these circumstances Mr. Meinhardt’s “‘Inventions, 
Patents, and Monopoly’”’ makes a most timely 
ce, for he discusses clearly and succinctly 
the relationship of patents to the British industrial 
from the sociological and philosophical points 
of view, as well as from the strictly legal point of 
view, in such @ way as to interest anyone who desires 
to understand the matter as seen by the inventor, 
the practitioner, or the social reformer. 

The book is divided into four parts. Part 1 deals 
with the characteristics of inventors, and analyses 
the influence upon the community of the inventions 
they produce. Part 2 gives an accurate statement of 
British law and practice, and deals in detail with the 
practical administration of patent law from the stage 
of the application for a patent to the stage of the 
enforcement in the courts of the rights thereby con- 
ferred upon the patentee. Part 3 deals with the 
abuse of patent monopoly, various forms of actual 
and alleged abuse of the monopoly being considered 
carefully, and attention being directed to the pro- 
visions of the present Patent Act for preventing 
abuse, which are so often overlooked by critics of 
the existing law. 

In Part 4 Mr. Meinhardt offers many suggestions 
for patent law reform, some of which, if adopted, 
would make important changes. One of them is to 
divide patents into two categories, to be called 
‘license patents’ and ‘full patents’. A license patent 
is registered in the Patent Office after a cursory 
examination concerned with formalities and novelty 
only. Any interested person should be entitled to 
obtain a licence under the patent, the amount of the 
royalty and the other terms of the licence being 
agreed between the parties or settled by the 
Comptrotler-General of Patents. A full patent should 
be ted only for inventions involving a sub- 
stantial “degree of ingenuity or constituting a sub- 
stantial technical advance. It should be granted 
only after an exhaustive examination by the Patent 
Office on condition that it is actually being worked 
or about to be worked, and it should entitle the 
patentee to a monopoly secured by effective legal 
protection. This suggestion would apparently 
establish a patent system intermediate on one 
hand to the existing British system, under which a 
patentee may have his patent endorsed ‘Licence of 
Right’, and on the other hand to the German system 
with its ordinary patents and the Gebrauchmusters or 
petty patents, which was carefully considered and 
rejected by the Departmental Committee, 1929, 
under the chairmanship of Lord Justice Sargant. 
Another suggestion is that the judges of the 
Patent Court should be appointed from barristers 
who have had ample experience in the practical 
problems concerning the industrial and economic life 
of the country. They should be able to appreciate, 
and possibly even to foresee, the economic develop- 
ments which are likely to result from the inventions 
as well as from an abuse of monopoly which might 
be attempted by the patentee. In making this sug- 
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gestion Mr. Meinhardt substantially agrees with the 
recommendation made by the Swan Committee in 
its second interim report “that there is a wide- 
spread, in fact a universal, feeling of dissatisfaction”’ 
against the present method of dealing with patent 
actions. It is unfortunate, if one may say with 
respect, that the higher legal authorities do not 
appear to be cognizant of this feeling of dissatisfaction. 

For dealing with abuse of patent monopoly the 
criticism is made that proceedings sometimes de- 
generate into a tussle between two private parties 
both anxious to maximize their own profits. The 
opinion is expressed that in future the Board of Trade 
will be charged with the duty of taking measures to 
prevent the abuse of monopoly in general, and the 
suggestion is offered that the Board of Trade should 
be charged with the specific duty of instituting and 
prosecuting proceedings against any patentee who 
abuses his monopoly rights. In the case of patents 
covering inventions of importance to public health 
or public safety, the Board of Trade should co-operate 
with other ministries. 

“Inventions, Patents, and Monopolies’’ can be 
cordially recommended as the work of an ardent 
reformer who shows that the effective encouragement 
of industrial research has been a human necessity, 
and that a patent system is concerned with the 
regulation of essential social activities to meet social 
needs. W. 8. JaRRatTr 


FLUORESCENCE AND 
PHOSPHORESCENCE 


Fluorescence et Phosphorescence 

Par Prof. Maurice Curie. (Actualités scientifiques et 
industrielles, 1010.) Pp. 212. (Paris: Hermann et 
Cie., 1946.) 350 francs. 


N 1934, the author of this new volume of a well- 
known series published his “Luminescence des 
corps solides’’, a book in its day of some value to 
those seriously interested in the subject. On hearing 
of Prof. Curie’s new effort, I was led to hope that we 
should be able to read a clear account—for he has 
the gift of clarity—of the subject of luminescence in 
relation to the many developments that have taken 
place during the last eight or ten years. In this hope 
I am almost entirely disappointed; for the book 
was written just too soon for these developments to 
be included; and too late in that it will give a 
distorted view of the subject for some time to come 
to the non-specialists for whom it is intended, and 
who will continue to be unaware of the recent progress 
of the subject. 

The lumimescence of vapours, of solutions, of 
solids, and the phenomena associated with chemi- 
and bio-luminescence all fall within the scope of the 
subject. Because of the fact that each of these 
divisions requires, at any rate to some degree, a 
different type of background and objective, it is 
unusual for any one person to apprehend the whole 
field. Work on vapours has not perhaps been very 
extensive of recent years; but the study of the 
fluorescence of organic vapours such as benzene is 
of considerable interest to physical chemists. The 
investigation of fluorescence in solutions, particularly 
in relation to quenching, is important because of the 
non-radiative transfer of energy which may take 
place in collision of a fluorescent molecule with added 
impurities. The fundamental reasons for non-radiative 
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transitions in solids first discussed by Peierls in 1932 
have by no means been fully developed. 

Perhaps the most substantial developments of the 
ast few years have taken place in the un i 
of phosphorescence processes in solids and their 
association in many instances with the existence of 
electron traps in the phosphor. A semi- ,“ntitative 
theory of trap processes, which fits the facts as well 
as may be expected at this stage, is now available ; 
it has also been shown in a clear way that the release 
of electrons from traps results in changes of dielectric 
constant. While the mechanism of some luminescence 
processes in impurity solids is now reasonably well 
understood, the nature of electron traps is almost 
completely unknown. It may be expected during 
the next few years that a closer study of the pro- 
perties of impurity phosphors in relation to the 
methods of preparation, and in particular the use 
of fluxes, may greatly increase our knowledge of this 
technically important field. Knowledge of trap 
processes has chiefly been obtained by the investiga- 
tion of the thermal release of electrons ; much remains 
to be done in the collateral study of the optical 
release of electrons by infra-red absorption. Even so, 
photo-luminescence studies have proceeded at a 
greater rate than those of cathodo-luminescence, and 
@ proper synthesis of the two fields of work has yet 
to be achieved. 

In the volume under notice, Prof. Curie touches on 
a few of the aspects that have been mentioned, but 
the emphasis which he gives to them would, I am 
sure, be much altered in a later edition. The volume 
contains eight chapters: general theory of photo- 
luminescence ; optical resonance and fluorescence of 
gases and vapours; fluorescence of complex mole- 
cules; fluorescence of solutions; inorganic phos- 
phors; cathodo-luminescence; chemi- and bio- 
luminescence ; applications. The references in the 
text are to authors only, and give no indication of the 
source of the information or date of publication ; 
thirteen more general references are given at the end 
of the book. J. T. RaNnpDatyt 


MODERN ORGANIC CHEMISTRY 


Organic Chemistry 
By Prof. Paul Karrer. Transiated by A. J. Mee. 
Third English edition, revised and enlarged. Pp. 
xx + 957. (New York and Amsterdam: Elsevier 
Publishing Co., Inc. ; London: Cleaver-Hume Press, 
Ltd., 1947.) 38s. net. 

HE success of Prof. Karrer’s “Lehrbuch der 

organischen Chemie”, which has appeared at 
short intervals during the past twenty years, is both 
a tribute to an investigator of world-wide repute and 
a testimony to the excellence of the book. Ths publica- 
tion of the third English edition is therefore an event 
of importance. 

The appearance of the book is superb. Binding, 
printing, and paper are enviably excellent, and 
special commendation must be bestowed on the 
quality and abundance of the graphic formule. In 
these days of hasty workmanship such a high standard 
comes as a pleasant surprise. But this surprise turns 
to astonishment when we note that the price is only 
about half that of the 1938 edition. Such reductions 
must be rare: in this age of rising costs unique. It 
is a challenging question whether a book of equal 
size and quality could be printed and published in 
Britain for the same price. 
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The translating and editing have been adequately 
done. ‘Germanisms’ are not noticeable, and mis. 
prints are unimportant and remarkably few for a 
book of this size. The spelling conforms to English 
custom, though biotine, tryptophane, and corammin 
are exceptions in this respect. 

The author’s statement that “every chapter has 
been the subject of careful scrutiny and revision” js 
no idle claim. Too often new editions mean little 
more than some titivation here and there with the 
addition of a few lines culled from the abstracts, 
Such is not the case here. No pains have been spared 
to include the notable advances until the end of 
1945. These are inserted in the text, and the reader 
may rest assured that the book is thoroughly up to 
date. Space has been found for a great variety of 
subjects, including th: chemistry of biotin and 
penicillin, the synthesis of quinine and equilenin, the 
nitration of the paraffins, the cobaltinitrite method 
for replacing the amino by the nitro group in aromatic 
compounds, and so on. It is therefore surprising that 
no mention is made of the petroleum chemical 
industry, surely one of the most notable recent 
advances, and one of more than industrial significance. 

All the good things said about the first edition may 
confidently be said again. No one can fail to admire 
the orderly presentation, the lucid description of 
preparative methods, the emphasis on rigid determ- 
ination of structure, the inclusion of many topics 
of biochemical interest, and the useful tables in the 
appendix. A notable improvement is the increased 
number of references to standard books and mono- 
graphs (some of which are American, and a few 
British). 

The amount of information contained in the book 
is tremendous. Indeed, in the reviewer's opinion, this 
constitutes a serious pedagogic blemish. It may seem 
ungracious and ungrateful to cavil at so much 
excellent fare; but the book, on the author’s own 
statement, is a text-book and not a handbook. Yet 
one has the impression that it is a compressed 
‘Meyer-Jacobson’, and that lucidity has been sacri- 
ficed for the sake of completeness. To take one 
example: in the chapter of about fifteen pages on 
azo-dyes, seven are largely devoted to formulz. It 
is generally accepted, of course, that a text-book 
must serve to some extent as a handy ook of 
reference. In former days this was specially necessary 
when the alternative was the formidable volumes of 
Beilstein, but this no longer obtains now that data 
and information are readily obtained in Heilbron’s 
“Dictionary of Organic Compounds”, etc. It may 
also be argued that the reader can ‘skip’ the offending 
pages; but this does not get away from the fact 
that there is a break in the continuity of narrative, 
and as a result some of the chapters become heavy 
and indigestible. A lack of proportion also results. 
Two pages are devoted to vanillin; but only part 
of a page (and that in small type) to the technical 
uses of acetylene, and little more than a page to the 
resonance of benzene—a section, incidentally, which 
is sketchy and in places misleading. Whee 

In spite of the criticism ventured above, which is 
a matter of opinion and in consequence debatable, 
‘Karrer’ will appeal to research workers and others 
who seek authoritative information on organic 
chemistry. Our thanks go to the author for giving 


us in the middle of his voluminous contributions to 
the Helvetica Chimica Acta this comprehensive, up-to- 


date survey of organic chemistry. 
Net CAMPBELL 
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p.D.T. AND THE AEROPLANE IN 

THE CONTROL OF THE TSETSE 

FLY AND TRYPANOSOMIASIS IN 
SOUTH AFRICA 


MEETING was held on September 24 at the 
A London School of Hygiene and Tropical Medi- 
cine to see a film and hear an address by Dr. P. J. 
du Toit, director of Veterinary Services, Union of 
South Africa, on a tsetse fly control experiment that 
has recently been completed in Zululand, where 
some 1,000 square miles of country are infested 
by the fly, with adjacent areas amounting to a further 
6,000 square miles subject to infestation. The meeting 
was arranged by the Imperial Bureau of Animal 
Health and other bodies and was attended by an 
audience of more than three hundred and fifty, 
representative of the many interests concerned in the 
campaign against this scourge of Africa. 

Mr. Heaton Nicholls, High Commissioner of South 
Africa, spoke of the advantages to be gained in 
Africa if this pest could be eliminated, He said that 
he had personal experience of the losses caused 
by its prevalence ; as a parliamentarian, Zululand 
had been within his range of interests and caused 
him a good deal of trouble. He gave a graphic 
description of the tragedy that followed an attempt 
by settlers to develop farms in ‘fly’ areas of Zulu- 
land after the First World War. Their cattle died 
from ‘nagana’ (trypanosomiasis) and many had to 
leave their farms, numbers of them becoming bank- 
rupt. 

it is to be remembered that, apart from a small 
area at the tip of Southern Arabia, whers one species 
of Glossina is said to occur, the flies of this genus 
exist only in Africa. These flies feed only on blood, 
chiefly on that of warm-blooded animals. The 
female hatches a single larva at a time; this re- 
mains in the uterus until the pupa is nearly mature, 
when it is deposited on the ground. The larva 
burrows into the soil and pupates within a very short 
time. From that stage the adult develops as do other 
musecids. The habits of the adult are highly special- 
ized, and within the score or so of species there is 
considerable variation in the requirements for 
development and for propagating the species. Some 
species require a high degree of shade and’ humidity ; 
some are confined in their distribution to river banks 
and streams. Others require dense shade and are 
limited to forests; again, others prefer more open 
park land. Some can feed on cold-blooded animals. 
Some are homophilic, others are zoophilic. Some 
require access to large game animals, such as buffalo, 
koodoo, ete.; others can maintain themselves on 
small game animals, such as the warthog, bushbuck, 
ete. The flies acquire their infection with pathogenic 
trypanosomes when they feed on the game animals ; 
the game are immune, but the domestic animals are 
highly susceptible to infection. 

Difficult as it is to achieve success in the control 
of the tsetse fly by deliberately undertaken artificial 
measures, there is considerable experience of its 
disappearante from areas previously very seriously 
affected. At one time Glossina morsitans was pre- 
valent in the Transvaal, but it disappeared at about 
the time of the great rinderpest epizootic of the 
eighteen-nineties. At that time the game animals 
were depleted by hunting, and many of them suffered 
severe losses along with the cattle from the rinder- 
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pest ; thus the hosts of the fly became scarce. It is 
significant that it has not reappeared in the Trans- 
vaal, Similarly, the fly has disappeared from other 
areas where it had been prevalent. Such instances 
are, however, limited. These experiences give hope 
that, in suitable circumstances, properly executed 
control measures, based on sound principles, might 
yield more than temporary success. 

Intensive study of the flies has been undertaken 
in Zululand for many years, and a large amount of 
information has been acquired concerning their 
distribution and relative density in the different 
types of vegetation and land and soil formation. 
The conditions, beneficial and adverse, to the existence 
of the flies are now well understood. 

Some success in eliminating the fly has been 
attained by selective clearing of bush in such a way 
that. the shade required by the fly is removed. The 
manner in which the clearing is done depends upon 
the species of fly concerned ; when carried out by 
trained personnel the clearing is done so selectively 
that a minimum of labour is required. Many of 
those concerned in dealing with this problem con- 
sider that, although the cost is high, it is the most 
practicable method of control. 

By the elimination of the wild game animals, the main 
source of the insect’s food supply is removed. This 
question of the game animals is highly controversial. 
Those with farms in the affected areas and many 
concerned in developing ‘fly’ areas urge that the 
game should be removed. On the other hand, there 
is very strong opposition to such a policy. 

An area in Zululand was selected for a large-scale 
attempt to control the fly, the one concerned being 
G. pallidipes, a zoophilic savannah species. An 
attempt was made to effect a useful measure of 
control by the use of the well-known ingenious 
Harris fly trap. Very large numbers of the flies were 
collected and killed by this means; but it was found 
that there was no possibility of exterminating them. 
The traps do, however, provide a most accurate 
means for assessing the ‘fly’ population of an area 
and are, consequently, a most important tool for 
correlating the results of attempts at control by any 
other method. 

In the use of the D.D.T. on the ground the spacing 
of the successive treatments was planned in order to 
ensure that the pupz present on the first occasion 
would have hatched before the final one was given. 
Hand-spraying with D.D.T. was carried out, but was 
found to be unsuitable, because when the spray was 
delivered in this manner from the ground there was 
not sufficient penetration of the foliage ; in addition, 
the application took so long to cotnplete and such a 
large personnel was required that the method was 
also impracticable for these reasons. 

The use of the aeroplane was then considered. 
The experience acquired in some parts of the world, 
during and since the Second World War, in the use 
of aircraft for distributing parasiticides for the con- 
trol of mosquitoes and also of flies concerned in the 
spread of dysentery in troops on active service, had 
indicated the extent to which this method would be 
useful. The South African Air Force co-operated 
and supplied pilots, the aircraft and also the neces- 
sary service. After preliminary tests, a system was 
devised whereby tanks carrying the D.D.T. pre- 
paration discharged into the exhaust system of the 
twin-engined Anson aircraft used, so that the exhaust 
gases gave good sublimation of active D.D.T. in the 
form of a dense white smoke. 
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Flying across wind at 120 m.p.h. at a height of 
about 50 ft., with wind speeds of 6-10 m.p.h., an 
effective swathe width of 70 yards was obtained, 
approximately 50 acres per minute being sprayed. 
The cost of dressing about 100 square miles was 2s. 
an acre for the D.D.T. and Is. per acre for the air- 
craft services. Six dressings were given, so the total 
cost was 18s. an acre. Up to six aircraft were used 
at a time, succeeding ones following the leader at 
intervals and taking alignment at the edge of the 
visible spray left by the one in front. Flying so close 
to the ground involves some definite risk of accident, 
and to meet this point it is suggested that a height 
of 75 ft. might be used without materially affecting 
the lie of the D.D.T. 

Elaborate tests were made of the actual spread of 
the D.D.T. in the bush country used for the experi- 
ment. Where there were breaks in the ground 
because of small ravines, the spread was uneven, and 
D.D.T. grenades placed by hand were used to 
supplement the spraying at such places. 

Many factors have, of course, to be taken into 
consideration in assessing the value of the results 
obtained. So far there has been no indication that 
there is serious danger that useful forms of life would 
be permanently exterminated. 

The spraying has resulted in a significant drop in 
the incidence of the tsetse flies in the area treated. 
The catches in the Harris traps after the spraying 
were exceedingly low. The flies were not eradicated, 
but the numbers that survived were small. % 

This is a pilot experiment, and an enormous 
amount of work will be required before the relative 
value of this or any other method of control can be 
assessed. It has provided certain definite and signi- 
ficant results. Where the fly was a nuisance to 
individuals working in or passing through the area, 
they are now rarely noticed. It is considered that 
with such a considerable reduction in the numbers, 
the ordinary causes of mortality of the tsetse fly— 
and these are considerable because of the hazards in- 
volved in its life-history and of its slow breeding-rate 
—may lead to its disappearance. On the other hand, 
the flies may be able again to attain sufficient con- 
centration to menace the health of the livestock. 

Sufficient has been done in Africa to justify a 
tremendously increased scale of operations against 
the tsetse fly. The amount of money spent on 
research on methods of controlling the fly since 
Africa has been developed by the white race has 
been small indeed—pitifully small—in comparison 
with the harm it causes and the extent to which it 
limits the utilization of land potentially valuable for 
husbandry and other purposes. Here is a problem 
which requires costly large-scale research. If very 
large tracts of useful agricultural land could be 
made available as a result of experimentation, the 
money would be well spent. It is, of course, to be 
understood that, hand in hand with successful tsetse 
fly control in tropical Africa, measures for dealing 
with prevalent social and agricultural systems that 
lead to over-stocking and consequent soil erosion 
would require attention. Not one of the least import- 
ant problems would be the provision of adequate 
water supplies for livestock and efficient use of such 
water. 

The film showed very clearly the main features of 
the work done, and Dr. du Toit discussed the many 
questions involved in consideration of this gigantic 
problem. South Africa is making a very determined 
effort to ensure that progress is made, and this 
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pioneer work will serve as a stimulus to those inter. 
ested in the development of tropical Africa. }j 
concerned are to be congratulated on a piece of 
work which is a very important landmark in the 
history of parasite control. 


OBSERVATIONS ON THE TRACKS 
OF SLOW MESONS IN 
PHOTOGRAPHIC EMULSIONS 


By C. M. G. LATTES, Dr. G. P. S. OCCHIALIN} 
AND 


Dr. C. F. POWELL 
H. H. Wills Physical Laboratory, University of Bristoj 


Part 2: Origin of the Slow Mesons 


N Part 1 of the present article*, we showed 
that two types of mesons exist, and it was 
suggested that the heavier, x-mesons, decay to pro- 
duce the lighter, u-mesons. In this second part, we dis. 
cuss the origin of the slow mesons observed in photo. 
graphic emulsions, and their relation to the mesons 
forming the penetrating component of the cosmic rays, 
of which evidence is provided by experiments with 
Wilson chambers and counters. We also give photo. 
micrographs which show that some slow mesons, 
ejected from nuclei during ‘explosive disintegrat ions’, 
can enter nuclei and produce a second disintegration, 
Most of the observations on plates exposed at 5,500 m. 
were made with boron-loaded emulsions and, for the 
most part, we have confined our analysis to the 
results obtained with plates of this type. The loading 
material has an important influence on the rate of 
fading of the latent image, but by the above procedure 
we can compare the results of experiments at different 
altitudes. 


Disintegrations Produced by Mesons 


Of the total of 644 mesons observed to come to 
the end of their range in our emulsions, 145 give rise 
to secondary particles. In 40 cases, the track of the 
secondary particle has characteristics which suggest 


that it was produced by a meson. We therefore 

: these events as due to the decay of =-mesons 
although, in several instances, the length of the track 
of the secondary particle is too short for the identifica- 
tion to be certain. In the remaining 105 cases, the 
mesons produce disintegrations with the emission of 
heavy particles. We have previously published photo- 
micrographs of such disintegrations, and Fig. 6 shows 
an example in which a single proton is ejected. 
Although we have no evidence that they are all of 
the same type, it will be convenient to refer, provision- 
ally, to all mesons producing nuclear disintegrations, 
when moving at low velocity, as c-mesons. Since the 
specifically nuclear interaction between mesons and 
nucleons may be assumed to be of short range, and 
since the Coulomb repulsion would tend to prevent 
a slow positively charged meson from approaching 
a nucleus, we regard the observation of the disinte- 
grations produced by o-mesons as providing strong 
evidence that they are negatively charged. We show 
in a later paragraph that there are indications 
that =-mesons and some, at least, of the c-mesons 

* Nature, 160, 453 (Oct. 4, 1947). 
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Fig. 6. A MESON, 0, COMES TO THE BND OF ITS RANGE AND LEADS TO A DISINTEGRATION WITH THE EMISSION DF A SINGLE HEAVY CHARGED 
' PARTICLE, PROBABLY A PROTON. PHOTOMICROGRAPES WITH COOKE x 95 ACHR 





































are, respectively, positively and negatively charged studying the disintegrations, produced in photo- 
particles of the same type. graphic emulsions by 200 MeV. deuterons generated 
Fig. 7 shows the relative frequency with which by the 184-in. synchro-cyclotron. In these experi- 
different mumbers of heavy charged particles are ments, disintegrations are commonly observed in 
ejected in the disintegrations produced by mesons. which two, three or four charged particles are pro- 
Prof. W. Heitler has pointed out to us that the duced; but in only a very small fraction of the 
observed events probably do not represent all the cases are five charged particles emitted. Our results 
disintegrations actually produced by slow mesons in are therefore consistent, in this respect, with the 
the area of the plates examined. In some cases, for view that the absorption of a o-meson sometimes 
example, a single fast neutron may result from the leads to the liberation in a nucleus, of an amount 
interaction of a negative meson with a proton in a of energy corresponding to a rest-mass of tine particle 
nucleus. Further, for reasons similar to those dis- of the order of 400 m,. 
cussed below, it is likely that we sometimes fail to 


dbserve a single fast proton ejected from a nucleus Total Number of Meson Tracks in the Emulsion 
because of the large angle of dip of the track relative 
to the plane of the emulsion. In discussing the origin of the mesons observed 


It is interesting to compare the distribution shown in our experiments, it is important to determine the 
in Fig. 7 with the results obtained by Gardner? in rate of production of the different types and, for 
this purpose, we cannot use the observed numbers 
of tracks without correction. If a track ‘dips’ at a 
large angle, and if the length of its projection on 
the plane of the emulsion is less than 50 yu, it is likely 
either to escape observation, or to provide insufficient 
evidence to justify it being identified as due to a 
— meson. A certain fraction of the mesons will there- 
fore not be counted. This ‘loss’ of tracks will not, 
however, affect the observations of different types 
of mesons equally. In the case of the o-mesons, 
for example, the observation of the track is made 
Se ae easier by the existence of the secondary particles result - 

7] ing from the disintegration, which direct the attention 

of the observer to the event. Similarly, in the case 

of those x-mesons which lead to u-mesons of which 

the track remains in the emulsion, the observation 

of the track of the u-meson enseres that the track 

of the parent x-meson is observed, even although it 
is very short. 

To overcome these difficulties, we adopt the follow- 
ing procedure. We plot, in Fig. 8, the distribution 
/) in length of the projections, on the surface of the 
(Par awa FZ A emulsion, of the tracks produced by mesons which 
‘ 6 8 come to the end of their range without giving rise 

v No. of heavy particles emitted to secondary heavy particles. The results are taken 
- Rs Wal DIDUEOEES UGEEEe On Gn noe from observations on boron-loaded plates, 50 u thick, 
PARTICLES ARE EMITTED exposed at the Pic du Midi. 
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From similar observations on the 
o-mesons which lead to observed 
disintegrations, we conclude that the 
total number of such particles jp 
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the measured area of the emulsion 
is 122 + 20, and, therefore, the 
total number of slow mesons of aij 
types 917 + 70. 
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The analysis described the 
previous Ph can also be 
applied to determine the total aum. 
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Fig. 8. 


Simple geometrical considerations allow us to com- 
pare the distribution shown in Fig. 8 with that to be 
expected if all tracks, without exception, were 
observed in the given volume of the emulsion. We 
assume that the tracks are rectilinear and the 
of the particles indefinitely great ; and that the end 
points of the tracks, and the orientation of the 
trajectories, are distributed at random. It is then 
easily shown that the numbers of tracks, N(é)3t, of 
which the projected range lies in the interval from 
t to t + &t, is given by the relation : 

N, t )a 
a (1— apap) 
where =N, is the total number of tracks in the 
observed area, and d the thickness of the emulsion. 
Further, the number of tracks, XN;, of projected 
range greater than ¢, is related to the total number, 
x=N,, by the equation 

=N: =N, [ (a? + #)*/* — @). (2) 

From equation (2) we can calculate the quantity ZN ,, 
frxm the observed values of XN;, corresponding to 
the measurements represented in Fig. 8, and the 
results are shown in Table 4. 


Nit). 3t = (1) 


TABLE 4. BORON-LOADED EMULSION, TYPE C2. MESON TRACKS WITHOUT 
SECONDARY HBAVY PARTICLES. 40 DAYS AT THE Pic DU 
Mint. TOTAL VOLUME OF EMULSION EXAMINED 3-5 0.0. 
Number of mesons 
per ¢.c. per diem 


x 
= 


ess 


57 


228 


The dotted line in Fig. 8 is calculated, from 
equation (1), corresponding to a total of 795 mesons 
ending in the emulsion. It will be seen, from this 
figure and from Table 4, that the results are con- 
sistent with the assumption that no meson tracks 
of this class are lost of which the projected range 
is greater than 100. On the other hand, with tracks 
of shorter range, there is a serious ‘loss’. We can 
therefore assume that the total number of tracks 
in the emulsion can be determined from the observa- 
tions on the longer tracks, for which ¢ is greater than 
100 u, and we use the result [N, = 795, obtained from 
the value of ZN jo, a8 the most reliable. This number 
includes the tracks of x-mesons of which we fail to 
distinguish the track of the secondary meson, and of 
any c-mesons which produce disintegrations with no 
recognizable secondary particle. 


1,000 
Range of mesons in the emulsion (microns) 


b HISTOGRAM SHOWING THE DISTRIBUTION OF THE OBSERVED LENGTHS OF 
THE PROJECTIONS OF MESON TRACKS ON THE SURFACE OF THE EMULSION. THE 
DOTTED LINE SHOWS THE EXPECTED DISTRIBUTION ASSUMING THE TRACKS TO 

BE RECTILINEAR 


1,200 1,400 ber of x-mesons in the emulsion 
Thus in the boron plates exposed ai 
the Pic du Midi, we have observed 
six m-meson tracks, in which the 
length of the track of the se. ondary 
u-meson exceeds 5004. Applying 
equation (2), it is found that this figure corresponds 
to the occurrence in the measured area of the emulsion 
of 120 + 50 events of this class. In many of thes 
events the track of the u-meson will be very short, 
and we shall have failed to observe it and that of its 
associated t-meson. The number of events of which 
we infer the occurrence must be compared, therefore, 
with the total number of mesons, 917; for, as we 
have seen, the observation of the u-meson track, in 
those cases in which its length exceeds 500 u, ensures 
that we shall observe the track of the parent =-meson, 
however short its range in the emulsion. 

A second estimate of the number of x-mesons can 
be obtained from the observed events in which the 
secondary u-meson has.a restricted range in the 
emulsion. The result so obtained is 115 + 2%, 
a value which does not differ significantly from that 
obtained by the first method. Combining the two 
results, we obtain the value for the number of x. 
mesons, 117 + 20. 


Relative Numbers of Slow Mesons of Different 
Types at 2,800 and 5,500 m. 


Of the 917 slow mesons, of which we infer the 
occurrence in the measured area of plates exposed 
at the Pic du Midi, we have seen that 122 + 20 must 
be attributed to o-mesons, and 117 + 20 to x-mesons. 
An approximately equal number of u-mesons will 
end in the emulsion from the decay of x-rhesons 
brought to rest in the glass or other matter in the 
immediate neighbourhood of the emulsion. These 
results are summarized in Table 5, and show that 
we can account for approximately one third of the 
observed mesons in terms of x- and o-mesons brought 
to rest in the assembly of plates, and of the u-mesons 
resulting from the decay of the former. The remaining 
tracks, apart from a small number which may be due 
to o-mesons producing disintegrations with the 
emission of neutrons, remain to be accounted for. 

Very similar results have been obtained from an 
examination of the plates exposed at 5,500 m., and 
the corresponding figures are included in Table 5. 
The results indicate that there is no significant <liffer- 
ence, at the two altitudes, in the distribution of the 
observed mesons among the different types. There 
were differences in the conditions of the exposures 
at the two altitudes; and different time intervals 
elapsed between the ends of an exposure and the 
development of the plates, in the two cases. We 
cannot, therefore, rely on the absolute intensities 
given in the table. 
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siz 5. SUMMARY OF RESULTS OBTAINED IN AN BXAMINATION OF 
pRON-LOADED BMUILSIONS BXPOSED FOR 40 DAYS AT THE PIO DU 

, 2,800 M.; AND AT COCHABAMBA, BOLIVIA, AT 5,500 M. AT 
1800 M., EMULSION THICKNESS, 560 4 ; VOLUME OF EMULSION EXAMINED, 






























360.0. AT 5,500 M., BMULSION THICKNESS, 1004; VOLUME OF 
EMULSION BXAMINED, 1-1 0.0. 
At 2,800 m. | At 6,500 m. | 
Estim- Number | Estim- Number 
ated perc.c. | ated r c.c, 
| total | perdiem | total per diem 
Mesons of all types | 9174 70 | 6540-5 | 260425 | 6-140-6 
(a) #-mesons 117+ 20 | 0830-2 40+20 | 0-940°5 
()) o-mesons | 122+ 20 | 0-0+02 46+ 9/| 102402 
(¢) mesons aris- | | } 
ing from the de- 
cay of 7-mesons | | | 
at rest | 117+ 20 | 0840-2 | 40420 | 0-940°5 
(@) Number unac- | 
enunted for | 5614100 | 4040-7 | 143440 | 3-340°9 | 








(@ Number of nuclear disin- 
tegrations giving 5 or more | 


charged particles i 10-5 





P Total of =- + o-mesons | } 
observed 1‘740°5 





@® Estimated number of slow | 
mesons originating in dis- | | 
integrations in plate | | 
assembly 0-6+0°3 } 





—————- 


Emission of Mesons from Disintegrating Nuclei 


A mosaic of photomicrographs showing the ejection 
of a meson from a disintegrating nucleus was given 
ina previous communication. We have now observed 
five events of this type, including two in which the 
ejected meson, at the end of its range, leads to the 
disintegration’ of a nucleus. Photomicrographs of 
these two events are shown in Figs. 9 and 10, the 
number of charged particles from the secondary 
‘stars’, S, being four and two, respectively. In the 
nomenclature of the present paper, these two events 
prove that o-mesons can be generated in the dis- 
integration of nuclei by cosmic ray particles of great 


energy. 

We have also observed that one of the ejected 
mesons, at the end of its range, leads to the pro- 
duction of a single fast secondary particle. In this 
case, the length of the trajectory of the secondary 
particle in the emulsion, before it passes into the 
glass, is only about 150u. We cannot definitely 
state, therefore, that the secondary particle is a 
uemeson, and not a fast proton, although the grain 
density in the track is consistent with such an 
assumption, and we believe it to be the correct 
interpretation of the event. If this is so, the observa- 
tion corresponds to the generation of ~-mesons in 
processes associated with the explosive disintegration 
of nuclei. For decisive evidence on this point we 
must await further observations. If our present view 
is correct, we shall expect to observe the decay of 
an ejected x-meson, in which the secondary particle 
stops in the emulsion after traversing a distance of 
about 600 pu. 

Of the five mesons which we have observed to be 
ejected in the explosive disintegration of nuclei, two 
come to the end of their range without giving rise 
to secondary particles of which we can distinguish 
the tracks. We have seen that c- and, possibly, 
mmesons can be generated during explosive dis- 
integrations ; the important question arises whether 
other types, 4-mesons for example, can also be pro- 
duced in such processes. We consider that our 
evidence is not sufficient to provide an answer to 
this question. The two ejected mesons under con- 
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MOSAIO OF PHOTOMICROGRAPHS WITH COOKE x 95 
TLFORD “NUCLEAR RESEARCH’ EMULSION TYPE C2, 
BORON LOADED. A MRBSON, ¢, BJECTED DURING THE EXPLOSIVE 
DISINTEGRATION OF A NUCLEUS, P, COMES TO THE END OF ITS 
RANGE AND PRODUCES A SECOND DISINTEGRATION, S. THE TRACKS 
LABELLED ‘db’, ‘c’ AND ‘k’ ARE DUB TO PROTONS WHICH REACHED 
THE END OF TERIR RANGE IN THE EMULSION. MOST OF THE OTHER 
TRACKS END IN ONE OF THE SURFACES OF THE EMULSION 


Fig. 9. 
ACHROMAT ; 


sideration come to the end of their range close to the 
surface of the emulsion. If they were ~-mesons, the 
probability of observing the track of the associated 
u-meson would be, in the case of each event, less 
than 0-5. 

The creation of a meson requires an amount of 
energy equal to, let us assume, 100 MeV. As we have 
previously emphasized, the probability of such a 
particle being ejected with a kinetic energy of only 
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MOSAIC OF PHOTOMICROGRAPHS WITH COOKE x 95 
AcuRoMAT; ILFORD “NUCLEAR RESEARCH’ EMULSION TYPE C2, 
BORON LOADED. A MBSON, ¢, EJECTED DURING THE EXPLOSIVE 
DISINTEGRATION OF A NUCLEUS, P, COMES TO THE END OF ITS 
RANGE AND PRODUCES A SECOND DISINTRGRATION, S 


Fig. 10. 


a few MeV. must be very small. Further, we shall 
expect to identify such an ejected meson only if it 
happens to be emitted in a direction nearly parallel 
to the surface of the emulsion. The new observations, 
therefore, lend support to the view that the ejection 
of mesons is commonly associated with the explosive 
disintegration of nuclei. The probability of observing 
two slow mesons ejected from the same nucleus must 
be very small, even if, as is often supposed, the 
production of several mesons, by an interaction of a 
fast particle with a single nucleus, is of frequent 
occurrence. 


Origin of the Slow Mesons 


We have now observed four thousand examples 
of the explosive disintegration of nuclei in plates 
exposed at an altitude of 2,800 m., which correspond 
to the liberation of a greater amount of energy, as 
judged by the numbers of the ejected charged part- 
icles and their ranges, than occurs in some of the 
similar events which we observe to be accompanied 
by the emission of slow mesons. Jn a mass of solid 
material such as is constituted by a box of photo- 
graphic plates, nuclear explosions will be produce 
which will be accompanied by the emission of mesons. 
A certain fraction of these mesons will be brought 
to rest in the emulsion of the photographic plate. It 
is of great interest to determine what proportion of 
the mesons we observe can be attributed to such 
processes. 

We may assume as a first approximation that 
those of the ejected mesons will stop in the solid 
material the ranges of which are less than the linear 
dimensions of the mass. Further, that the ends of 
the meson tracks will be uniformly distributed at 
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random throughout the solid material, their number 
per unit volume being equal to that of the parent 
nuclear explosions. We estimate that the energy of 
a meson able to traverse the solid material constituted 
by the assembly of our plates during exposure jg 
of the order of 50 MeV. Ejected mesons with a 
kinetic energy less than this value will contribute 
to the mesons stopping in the emulsion of 
in the glass; those with greater energy may be 
regarded as escaping. 

In plates exposed at the Pic du Midi, we have 
observed four disintegrations in which the ejected 
meson has an energy between 1 and 3 MeV. Allow. 
ing for geometrical factors, we can estimate that this 
number corresponds to the occurrence, in the volume 
of the emulsion which we have examined, of at least 
twelve events of this type, the others having escaped 
detection because of the large angles of dip of the 
tracks of the mesons. If we assume that the values 
of the energy of the ejected mesons are distributed 
at random in the interval from 0 to 50 MeV., all 
values of the energy being equally probable, then 
the estimated numbers of mesons with energies 
between 1 and 3 MeV. correspond to a frequency of 
occurrence in our emulsions, of mesons at the end of 
their range, of 0-6 + 0-3 per c.c. per diem. This 
result depends on estimates of quantities which are 
not known with precision, but the agreement, in 
order of magnitude, with the numbers of =- and 
o-mesons is striking. It gives strong support to the 
view that a considerable fraction of the observed 
mesons of these types arises in locally produced dis. 
integrations. The observations are not, however, 
sufficiently precise to allow us to determine the 
fraction of the x- and o-mesons which must be 
attributed to similar processes in neighbouring matter, 
located within a few metres of the plates during ex- 
posure, a point of great interest in connexion with 
the determination of the life-time of these mesons. 


Interpretation of the Observations 


In view of the complexity of the phenomena, and 
the limited numbers of tracks of the different types 
of mesons which we have observed, we cannot draw 
any final conclusions about many important questions 
suggested by our observations. We have, however, 
considered a number of possible interpretations of 
the present experiments and of those made with 
Wilson chambers and counters. The following work- 
ing hypothesis is the simplest, from among those we 
have considered, which allows us to account for all 
the main experimental results without serious contra- 
dictions. 

We assume that the x-mesons, and most of the 
o-mesons, are, respectively, positive and negative 
particles of the same type, which are produced in 
processes associated with the explosive disintegration 
of nuclei, such as we have observed. The positive 
m-mesons suffer u-decay and give rise to 4-mesons, 
for the fate of which our experiments give no evidence. 
On the other hand, the negative x-mesons, which 
appear in our experiments as o-mesons, are cap- 
tured by nuclei to produce disintegrations with the 
emission of heavy particles. 

The above hypothesis allows us to account for the 
approximate equality of the numbers of x- and 
o-mesons which wé have deduced from our observa- 


tions, and for the fact that the relative frequency of 
occurrence of the different types shows no significant 


change with increasing altitude. Further, since 
particles observed to be produced by the decay of 
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ganesons at rest are regarded as being positively 

charged, we shall not expect them, in conformity 

with the observations, to react with nuclei and 

produce disintegrations with the emission of heavy 
icles. 

It remains to account for those of the mesons which 
are not ™- or o-mesons, and which cannot be attributed 
to the u-mesons arising from the decay of ~-mesons 
stopping in the plate assembly. We attribute them 
to u-mesons, produced by the decay in flight of 
positive and negative ~-mesons which have been 

ted in nuclear processes taking place at a 
distance from the plate assembly. To this extent, 
our observations can be interpreted in terms of a 
simple and self-consistent scheme, similar, in several 
rspects, to those visualized by other workers’. 

If the above view is correct, we may attribute 
the penetrating component observed at sea-level to 
particles of the same type as the .-mesons, produced 
by energetic x-mesons which have been formed in 
the high atmosphere, and which have decayed in 
fight. These u-mesons may be assumed to be both 
positively and negatively charged. If we accept the 
gneral conclusions which have been drawn from 
delayed coincidence experiments, we should expect 
those of the negative u-mesons which stop in a silver 
halide grain to be captured by a heavy nucleus. On 
the other hand, those stopping in the gelatine will 
be expected to suffer B-decay. It is not possible to 
make a precise determination of the relative prob- 
ability of these two processes, since it involves a 
knowledge of the atomic stopping power of the 
various constituents of the emulsion in a range of 
energies, ~ 20 keV., in which no measurements have 
been made. Further, Dr. H. Fréhlich has pointed 


out to us that the range-energy curve will be different 
for positive and negative mesons, since the latter 
do not capture and lose electrons in their passage 


through the emulsion. Rough estimates indicate, 
however, that there is about twice the probability 
of a meson stopping in the gelatine rather than in a 
silver bromide grain. The mesons in line (d) of 
Table 5 would, on these assumptions, represent about 
five sixths of such u.-mesons stopping in the emulsion, 
the other one sixth interacting with nuclei. If we 
assume that these latter mesons, like the negative 
mmesons, lead to disintegrations with the emission 
of heavy particles, they will appear among the 
mesons. No disintegrations produced by slow 
mesons have been observed, however, in expansion 
chambers operating at sea-level. It is possible, there- 
fore, that the interaction of negative u-mesons with 
nuclei leads to a different type of process from that 
represented by the c-meson disintegrations. 

If the above view is accepted, it remains to be ex- 
plained why, in spite of their assumed short life-time, 
it is possible for the negative =-mesons to suffer 
nuclear capture in both gelatine and silver bromide, 
whereas the negative u.-mesons, assumed to be longer- 
lived, suffer 8-decay before being captured by light 
nuclei. We can only resolve this difficulty if we 
assume that the time taken for a negative meson to 
approach a nucleus is less than the life-time of both 
types of mesons. At present, the magnitude of this 
time interval is still under discussion. Assuming, 
however, that the close approach to the nucleus can 
be made before the decay of the meson, whatever 
its type, it is necessary to assume that the interaction 
of u-mesons with nucleons is much weaker than that 
of x-mesons. If the genetical relationship which we 
have visualized between the different types of particles 
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is correct—the x-mesons decaying to produce u- 
mesons, which in turn emit the $-particles responsible 
for the delayed coincidences—it follows from the 
counter experiments that the sum of the life-times 
of the x- and u-mesons must be 2 x 10-* sec. The 
only available information about the individual 
values of the decay-constants of the two types is 
derived from the fact that the times of flight of the 
™- and u-mesons in our emulsions are of the order of 
10" sec. The life-time for both types must, accord- 
ingly, be greater than this value. ° 

Let us, therefore, as an example of an alternative 
hypothesis, assume that the x-mesons have a life-time 
of 2 x 10-* sec., and that the u-mesons are much 
shorter-lived. The majority of the cosmic ray mesons 
observed in counter and Wilson chamber experiments 
at sea-level must then be attributed to x-mesons. In 
this case, to be consistent with the delayed coincidence 
experiments, we must assume that those negative - 
mesons which stop in the gelatine suffer u-decay, 
whereas those stopping in silver bromide grains pro- 
duce disintegrations. This would lead us to expect 
about five times as many x- as o-mesons. Further, 
on this hypothesis, some negative =-mesons will 
suffer u-decay to produce negative u-mesons which 
might react with nuclei. To account for the observed 
absence of disintegrations produced by the eleven of 
our observed mesons which undoubtedly originate 
by u-decay, some of which we shall now expect to be 
negatively charged, we can attribute to them either 
a sufficiently short life-time or assume that they do 
not interact with nucleons. 

If the above difficulties are resolved, two serious 
objections to this second hypothesis remain. In the 
first place, in contradiction with experience, we should 
expect Wilson chamber experiments to have given 
some evidence for the u-decay of mesons. Secondly, 
we can now make no contribution towards solving 
the contradiction between the weak interaction with 
nucleons of the mesons observed at sea-level, as shown 
by the delayed coincidence and other experiments, 
and the fact of the observed generation of the o- 
mesons. In view of these numerous difficulties, we 
ean reject this second hypothesis in favour of the 
first assumption that the =-mesons are short-lived 
and interact strongly with nucleons. 

We have already emphasized that no final con- 
clusions can be drawn at the present stage of our 
knowledge. It is, indeed, quite possible that tke 
phenomena are more complicated than we have 
visualized. It is important, therefore, to extend the 
observations in order to reduce the statistical errors, 
and to make determinations of the masses of the 


*various types of mesons by all available methods. In 


this connexion it may be noticed that the large 
numbers of tracks which are now available for 
measurement allow us to apply statistical methods. 
Thus the x- and u-mesons probably constitute unique 
classes; and it is therefore possible to make a 
statistical study of the scattering of the particles in 
their passage through the emulsion in order to 
determine their mass. It is possible that the c-mesons, 
which, we suggest, are mainly composed of negative 
m-mesons, may contain some negative u-mesons. In 
this case also, however, a statistical study of the 
small-angle scattering should allow us to decide this 
question and to prove whether or not the majority 
of the c-mesons have the same mass as the ~-mesons. 
Such investigations are in progress, together with 
experiments to determine the life-time of the z- and 
o-mesons. 
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Summary 


We may summarize our results in the following 
terms. We regard our observations as establishing : 

(a), that two types of mesons exist, of different 
mass, which we refer to as x- and u-mesons ; 

(6), taken in conjunction with the observations of 
D. H. Perkins, that some slow mesons can enter 
nuclei to produce disintegrations with the emission 
of heavy particles; we regard these mesons as 
negatively charged and refer to them, provisionally, 
as o-mesons; and 

(c), that c-, and possibly ~-mesons, can be pro- 
duced in processes associated with explosive dis- 
integration of nuclei. 

Our observations suggest : 

(d), that ~-, and a large proportion of the c-mesons 
are, respectively, positively and negatively charged 
particles of the same type, which interact strongly 
with nucleons, the negatively charged mesons being 
captured by both light and heavy nuclei to produce 
disintegrations with the emission of heavy particles ; 

(e), that the heavier ~-mesons suffer spontaneous 
decay with the emission of the lighter u-mesons ; 
and that in the decay process the momentum of the 
u-meson is balanced by that of a neutral particle of 
approximately the same mass. 

In addition, the main features of the present 
experimental results, and those obtained in delayed 
coincidence and Wilson chamber experiments, can be 
explained on the assumption that : 

(f), the greater part of the mesons observed at 
sea-level are u-mesons formed by the decay in flight 
of m-mesons; and 

(g), that positive and negative ~-mesons are short- 
lived, with a mean life-time in the interval from 
10-* to 10°" sec. 

We have pleasure in acknowledging our indebted- 
ness to Prof. W. Heitler, Prof. C. Moller, Dr. H. 
Frohlich, Prof. L. Jénossy and other members of the 
Dublin colloquia, held in July, for a number of dis- 
cussions which were of great value to us in the 
formulation of our ideas. Our thanks are also due 
to Prof. J. Baillaud and Dr. M. Hugon of I’Observ- 
atoire du Pic du Midi, and to M. René Varin, cultural 
attaché of the French Embassy in London, for 
further assistance in securing exposures; and to 
Prof. Ismael Escobar, director of the Bolivian 
Meteorological Service, for assistance during the 
course of the expedition to the Andes. 

* Gardner, E., Phys. Rev. (in the press). 

* Bethe and Marshak, Phys. Rev. a We are indebted to 
these authors for a t y of an yr entitled “The 
Two-Meson Hypothesis”. Moller = nad Pais ha ve also considered 
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PROGRESS IN NUCLEAR PHYSICS 
CONFERENCE AT HARWELL 


CONFERENCE on nuclear physics was held at 

the Atomic Energy Research Establishment 
(Ministry of Supply) during September 18-19. 
Opening the first session, the director of the Establish- 
ment, Dr. J. D. Cockcroft said that he was glad to 
welcome so many distinguished guests to the first 
nuclear physics conference at Harwell. The confer: 


ence celebrated both the start up of the first British 
pile, and the restarting of nucléar physics research in 
Britain after the War. 


One object of the Establish- 
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ment is to provide research facilities which cannot 
be provided in the universities, and it is hoped that 
it will soon be possible for visitors from universities 


to work at Harwell. Another object is the provision 
of radioactive and enriched stable isotopes for use in 
research. Harwell has also taken the initiative in the 
development of electronic equipment for nuclear 
physies, and hopes to be able increasingly to make 
this available to universities. 


Prof. H. R. Staub gave an account of the com. 
parison of the magnetic moments of the proton and 
neutron carried out at Stanford University. The 
determinations were made by the methods of Rabj 
for the proton, and Alvarez and Bloch for the neutron, 
and were conducted close together in a large uniform 


magnetic field, thus avoiding the absolute measure. 
ment of the field, which gave the large experimental 
error in the original neutron determination. Two 
blocks of strongly magnetized iron were used as 


polarizer and analyser for the neutron beam. At 
normal saturation values of field strength, the degree 
of polarization produced was far less than that pre. 


dicted by theory ; but at much higher field strengths 
(order of 5,000 oersted) theoretical predictions of 
intensity were fulfilled, the effect varying as the 
square of the thickness of material used. In condi- 
tions of high permeability and low field strength, 
the ferromagnetic domains are discrete and not quite 
parallel, so that in travelling between them a neutron 
may suffer appreciable rotation in the transverse 
field : only for high field strengths were the transverse 
fields between domains sufficiently small. The grain 
size of the domains can be deduced from the polariza- 
tion effect. 

The original value for the magnetic moment of the 
neutron (1-93) was equal to the difference between 
those of the proton and deuteron, which conflicts 
with Rabi’s discovery of the quadripole moment of 
the deuteron and Schwinger’s estimate that 3-9 per 
cent of deuterons are normally. in the *D, state. 
The new result by Staub and Blochi is (—) !-9112+ 
0-0017, which agrees excellently with that obtain~d 
by Wayne and Roberts (1-9107+0-0003) and with 
Schwinger’s predictions on the deuteron. 

Dr. K. T. Bainbridge opened his lecture on current 
physics work at Harvard by referring to a reversible 
transition which has been observed by Bridgman in 
cesium at a pressure of 50,000 atmospheres. Street 
at Harvard and Shockley at the Bell Telephone 
Laboratories are working on the characteristics of 
silver chloride crystals for use as B- or y-counters. 
Crystals 2-.cm. thick have been used for measuring 
the migration velocities of electrons: a value of 
40-50 cm./sec./volt/em. is obtained, and trapping is 
avoided above 600 volts/em. The energy loss o 
radium gamma rays is 11 eV. per ion pair. Witha 
crystal 3 mm. thick, a response time of 1/30 usec. has 
been obtained. The life-time of the crystal counters 
is estimated as 100,000 counts. 

Attempts have been made to detect the positive 
particles which have been observed by cloud chamber 
techniques to occur to the extent of one particle in 
5,000 from uranium X, and radium E. With a fring- 
ing field semi-circular magnetic spectrometer and 
20-millicurie P32 source, it was established that if 
such positive particles exist they are less frequent 
than 1 in 75,000 disintegrations. 

Dr. Bainbridge also described the new Harvard 
frequency-modulated cyclotron now under con- 
struction, which is to have a 95-in. magnet giving & 
field of 18,000 gauss. 
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Dr. T. G. Pickavance spoke on “‘Recently Published 
Work performed with the 184-in. Cyclotron at Berke- 
ley, California”. The experiments described were 
concerned with the investigation of ‘star’ reactions 
in elements bombarded by 200 MeV. deuterons or 
400 MeV. alpha particles. Three methods of observ- 

these reactions were employed: photographic 
emulsions, the cloud chamber, and chemical analysis 
of the product elements. The work has been published 
by members of the staff of the Radiation Laboratory, 
University of California, in recent issues of Americal 
journals. 

Dr. Kinsey described experiments by Elliott and 
others at Chalk River, Canada, on the study of the 
level schemes of Cs(134) and thorium C’. Mr. Ward 
reported measurements by Sargent, Johns and Hincks, 
also at Chalk River, on the mean life-times of delayed 
neutrons and the identification of the known radio- 
active decay periods with which they are associated. 
An electron multiplier has been developed by Mr. 
Robson; with this he hopes to detect the recoil 
proton in the disintegration of a neutron. With 280 
volts per stage, there is a stage gain of between three 
and four, and on the average ten electrons are pro- 
duced per alpha particle in the first stage. 

Mr. C. N. Watson-Munro described the start-up of 
GLEEP, the Harwell low-energy graphite pile. The 
graphite takes the form of a right octagonal prism 
lying on its side, with horizontal holes for the uranium. 
Graphite stacking started on July 6, 1947, and was 
completed by August 1. Loading of uranium started 
on August 5, the procedure being to keep the length 
constant, and starting from the centre to increase R, 
the effective radius. 

When assembling a pile in this manner it can be 
shown that 

2 


w= OR! — RY, 
where A is neutron flux, C is a constant. If a plot of 
RA against R* is made, a straight line is obtained, 
and by extrapolation, a value of R,, the effective 
critical radius, can be obtained. A was measured 
by means of a small boron trifluoride chamber or an 
indium foil placed near the centre of the pile. As 
critical conditions were approached, the amount of 
metal loaded between measurements was reduced. 
On August 15 at 3 p.m. the pile showed a divergent 
reaction. Since then, the pile has operated up to its 
rating of 100 kW. and, for short periods, beyond. 
Neutron fluxes of 10'*-10" neutrons/em.*/sec. have 
been obtained. 

Dr. C. F. Powell, of the University of Bristol, 
described the very striking experiments he and G. P. 
Occhialini, C. M. Lattes, and A. Muirhead had made 
with photographic plates at high altitudes in order to 
study the properties of mesons (see Nature, October 4, 
p. 453, and this issue, p. 486). 

Dr. J. Rotblat gave an account of work in progress 
at the University of Liverpool. The elastic and 
inelastic collisions of protons, deuterons and neutrons 
with nuclei are being studied with the cyclotron, the 
beam-spread of which has been reduced to 1/3° by 
using a slit system and bringing the beam well away 
from the cyclotron magnet stray field. Photo- 
graphic plate study shows the energy-spread of 9 MeV. 
deuterons to be less than 150 keV. In collaboration 
with Dr. Powell’s Bristol team, the scattering of 8-8 
MeV. deuterons by gases is being studied. Preliminary 
results have been obtained for the O'* (d,p) O* 
process and also for the O'* (d,«) N*‘ reaction. About 
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ten excited states of O'’ have been found. The 
angular distribution of the protons and «-particles 
emitted in these reactions has been investigated. 

A spectrograph with semi-circular focusing has been 
used to study the 8- and y-ray spectra of the thorium- 
active deposit. The P y-ray of energy 859 has been 
found to arise from the thorium C” — thorium 
D transition. Good results have been obtained using 
a spark counter for «-particles. 

The use of loaded plates to measure slow neutron 
fluxes is being developed. With uranium-loaded 
plates, the number of fissions is compared with the 
number of a-particle tracks: fluxes greater than 10* 
can be measured. For fluxes less than 10, plates 
loaded with boron and lithium are being used. 

Dr. H. O. W. Richardson outlined the various prob- 
lems under investigation at the University of Edin- 
burgh. In particular, he described an emission electron 
microscope with a three-pole permanent magnet which 
is being designed to improve the resolution of auto- 
radiographs of biological and other specimens. 
Contact autoradiographs have a low resolution caused 
by the emission of §-particles in all directions. 
Although it is hoped to obtain low spherical aberra- 
tion and hence high transmission, long exposures will 
be necessary, even at the minimum magnification of 
two diameters. The development of new techniques 
for intensifying the image may be necessary to make 
it possible to examine biological specimens. 

Dr. O. R. Frisch reviewed the work in physics 
being undertaken at Harwell. After discussing the 
events leading up to successful operation of GLEEP, 
he mentioned that the large Harwell pile should be 
completed during 1948. Dr. Frisch described the 
many experiments which will be undertaken with 
the piles, and pointed out that neutron spectrometry 
may enable the location of hydrogen atoms in com- 
plex molecules to be determined. A cyclotron giving 
150 MeV. protons will be complete before the end of 
1948, while a 5-MeV. Van de Graaff generator is on 
voltage test. Work is proceeding on Geiger counter 
design and on crystal counters. A thin magnetic 
lens-type 8-spectrometer has been constructed, and a 
200-keV. D—D source is being built. Work is in 
progress on stable isotope separation and on the use 
of mass spectrometers for measurement of isotopic 
ratios. 

The electrostatic generator completed at Harwell 
in May 1947 and described by Mr. R. L. Fortescue 
is similar to the 5-MV. generator Prof. Van de Graaff 
recently completed at the Massachusetts Institute of 
Technology. The generator has been run without any 
accelerating tube or vacuum system for electrical 
tests, which have shown that the rated output of 
300 uA. may be obtained on load tests. The maximum 
voltage, however, with a positive terminal, is 2-2} 
MV., obtained when the terminal-tank gap is filled 
with nitrogen at about 200 Ib. per sq. in.: higher 
voltages break down the gap, and no increased 
strength is obtained by further increase of pressure 
up t@ 400 lb. per sq. in. With a negative terminal 
the voltage increase with pressure is almost linear, so 
that the negative voltage at 400 lb. per sq. in. is 
about twice as high. 

The positive voltage has been increased to 3-7 MV. 
using a mixture of nitrogen and carbon fiuoro-chloride 
(CCl1,F,), with partial pressures of 20 and 80 lb. per 
sq. in. Further increases have been obtained in the 
United States by the use of silicon hexafluoride and 
intermediate shields in the tank-terminal gap, and 
these expedients will be tried in the Harwell generator. 


’ 
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Mr. D. W. Fry spoke on the linear accelerator and 
synchrotron work being done by the Atomic Energy 
Research Establishment group at the Telecommunica- 
tions Research Establishment, Malvern. He described 
the design, method of construction, and results 
obtained on a 40 cm. long section of a travelling wave 
type linear electron accelerator, which is operating at 
10 cm. wave-length and gives a peak energy of 0-54 
MeV. The effect on the energy spectrum of variations 
of injection voltage and applied radio-frequency 
power was also discussed (see Nature, September 13, 
p. 351). To obtain energies of the order of 500 MeV. 
the outstanding problem to be solved is the produc- 
tion of very high peak powers. 

A 4 MeV. betatron has been converted to operate 
as a synchrotron (Nature, September 21, 1946, 
p. 413) and is giving approximately 0-2 r.p.m. at 1 
metre at a peak energy of 15 MeV. It has been found 
that the output pulse of y-rays might be as long as 
300-350 usec. duration. Methods of reducing this 
time to less than a microsecond are being studied in 
connexion with the 30-, 140- and 300-MeV. machines 
under development. 

Mr. J. Symonds described the progress so far made 
on the design and construction of a synchrotron for 
1,300 MeV. protons at Birmingham. The foundations 
for the magnet have been laid and the assembly of 
the yoke has begun. Many difficulties have to be 
faced in engineering the components of the equip- 
ment. For example, the radio-frequency has to be 
made to cover a frequency-range of 40 to 1, and has 
to be accurately linked to the magnetic field strength 
at injection, a tolerance of one part in a thousand 
being necessary. 

Mr. J. G. Rutherglen described an ion source being 
made at Glasgow, consisting of an all-glass tube with 
a radio-frequency discharge in a magnetic field, with 
which a useful beam of 400 microamp. with 60 per 
cent protons is obtained. Less good results are 
obtained without the magnetic field. 

Dr. S. C. Curran reported that the programme at 
Glasgow is chiefly concerned with primary reactions 
produced by electrons and quanta of very high 
energy. Experiments on Geiger-Miiller counters have 
been made in an effort to meet the new requirements 
that have arisen in this field. A background count 
of less than two per minute has been attained with 
a two-wire counter of rectangular section, and a 
coincidence arrangement. Counters with the wire 
divided into l-cm. sections with glass beads had 
shown dead times of 5 microsec. for gamma rays from 
random directions. Counters of this design, in which 
the pulse height is proportional to the number of 
sections excited, are to be used to investigate the 
specific ionizations of electrons and mesons, the 
pressure being adjusted to give about one ion pair per 
section. A circuit was described for the investigation 
of the occurrence of spurious counts. 

Dr. D. H. Wilkinson reported that he had considered 
the mechanism of operation of an argon—alcohol 
counter, and believed that the photons which proceed 
from excited argon atoms produce photo-electrons 
from neighbouring alcohol molecules, and that these 
photo-electrons then initiate further avalanches if 
they are far enough from the wire. If the net repro- 
duction factor is greater than unity, the discharge 
would be self-sustaining. By considering the dis- 
charge to be propagated as a series of discrete aval- 
anches and by examining the probability distribution 
of secondary avalanches near a primary one, he has 
shown theoretically that the velocity of spread would 
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be virtually independent of alcohol pressure, ag 
observed by Hill and Dunworth. 

Dr. E. Glueckauf spoke on “Regularities in the 
Binding-Energy of «-Particles in Nuclei”. In addition 
to the well-known peak of the «-particle enorgies 
(—#«) at the proton number Z = 84, there is an 
equally important discontinuity at the neutron 
number N = 128. The best ~epresentation of 
a-energies for the purpose of interpolating unknown 
data is therefore obtained by plotting contour-lines 
of constant Za against the co-ordinates Z and N, 
The approximately parallel Ha-lines show bulges, 
representing very sharp minima of the « binding 
energy, at the mass numbers 8, 19, 39, 59, 99, 146, 
and around 212. An investigation of the 8+-energies 
showed that the nuclear radius does not grow con. 
tinuously with increasing mass number, but increases 
in definite steps. The nuclear expansions coincide, not 
with the minima of Za, but with the points where Bx 
begins to decrease. The mass numbers where the 
nuclear radius expands sharply are 8, 16, 36, 56, 90, 
140 and 210. The results may be of value in the 
elucidation of nuclear structure. 

Dr. W. E. Burcham gave an account of some 
experiments performed mainly by C. A. Wilkinson 
and H. R. Allan in Cambridge on the deuteron. 
induced disintegrations of a number of elements. 
Starting with the nucleus X4 of atomic weight A, 
the nucleus X4*1 may be formed either by neutron 
capture or by a (d,p) reaction. Both methods yield 
important information about the ground state and 
excited states of the residual nucleus, but the second 
is often considerably easier to observe than the first. 

In all elements except the very lightest, the proton 
yield from deuterons of about 1 MeV. is determined 
principally by the deuteron penetrability: in 
magnesium, for example, this is about 1 per cent, and 
ion currents of about 100 uA. are required if ionization 
chambers are to be used as the detecting instruments. 
Groups of protons have been found in aluminium, 
silicon and magnesium, and they have been tenta- 
tively assigned to the various isotopes. No alpha 
groups were observed directly, but some residual 
radioactive periods were found corresponding both to 
alpha and neutron emission. Some of the masses 
now for residual nuclei differ by as much 
as 200 kV. from previously accepted values. 


OBITUARIES 


Prof. Hans Fischer 


Hans FIscHER, to whom we owe most of our 
knowledge of the chemistry of hemin, chlorophyll 
and the bile-pigments, died on Easter Sunday, 
March 31, 1945, but his death has only recently 
become known in Britain. He was born in Hdéchst 
on July 27, 1881, the son of Eugen Fischer, a director 
of Kalle and Co. Fischer studied chemistry a 
Lausanne and Munich, leading to a doctorate at 
Marburg under Zincke. There followed medical 
studies at Munich, where his interest in hzemin and 
the bile-pigments was aroused. He then worked 
with Emil Fischer before going to Innsbruck (i 
1916), to Vienna (in 1918), and finally to succeed 
Wieland at the Technische Hochschule, Munich, in 
1921. 

After the difficulties of the post-war times, his 
application of the Gattermann aldehyde synthesis 
made possible the systematic preparation of suitable 
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yrrole derivatives, and led (1926) to his discovery 
of porphyrin syntheses. In his work on the natural 
porphyrins and in much of that on chlorophyll, 
Fischer could rely on classical analytical methods 
to determine the nature of the substituents. Their 

ition, however, had to be determined by the 
synthesis of many isomers, though conversions to 
reference porphyrins might reduce the number of 
possibilities. Thus about a hundred and thirty 
porphyrins were synthesized; this not only made 
the identifications unambiguous, but also provided 
the only chemical proof of the structure of the 
porphin nucleus—the symmetry demanded by the 
number of isomers. These methods sufficed for the 
synthesis of many porphyrins, including the copro- 
porphyrins, hemin and the simpler chlorophyll 
porphyrins. 

Analytical methods were then greatly extended, 
particularly to obtain porphyrins from chlorophyll 
with unmodified or more suitably modified side- 
chains. Bacteriochlorophyll and protochlorophyll 
were related to chlorophyll-a, and this phase culm- 
inated in the synthesis of phzeoporphyrin-a,, and in 
the elegant oxidations leading to the complete and 
probably final structures put forward for the 
chlorophylls. 

Fischer’s work on the bile-pigments, the vinyl 
groups of which presented great difficulties both 
analytically and on the synthetic side, was com- 
pleted by the synthesis of bilirubin in 1944. 

The work in Fischer's laboratory was very de- 
pendent upon his organisation, and quantities of 
costly starting materials appeared as if by magic. 
‘Gattermann cooks’ and research students worked 
side by side, the former relieving the latter of many 
repetitive preparations, and thus shortening an 
otherwise long apprenticeship in the methods peculiar 
to pyrrole chemistry. The cost of the starting 
materials, the slight solubilities of the products, and 
the usually low yields necessitated work with small 
quantities of material. Though conventional re- 
actions were largely inapplicable, it was sometimes 


possible to apply those lying on the verge of respect- 

ability ; more often, entirely new methods had to 

be found. Work under these conditions would have 

been quite impossible but for spectroscopic identifica- 
tion and isolation by chromatography, and particu- 

larly by ether-hydrochloric acid fractionation. The 

latter, however, made very heavy physical demands 

on the students. 

There was an atmosphere of unusual jollity in the 
laboratory, directed in its legitimate expression by 
Herr Paulus, the store-keeper, and controlled, in its 
more outrageous excesses, by Fischer’s tact and 
humour. The fledgling ‘doctor’, returning from his 
oral examination—a formality—found his bench 
littered with the starting materials for a celebration 
and a large blackboard, on which a cartoon and some 
lines of doggerel reminded him that he was mortal. 
More rarely, there were occasions in the cellars, and 
at Christmas the supply of 5-litre flasks was ex- 
hausted as all undertook the preparation of ‘christmas- 
pyrrole’ by a process which was supposed to render 
denatured alcohol potable. 

Fischer was an enthusiastic motorist, skier and 
mountain-climber ; late in life he married Wiltrud 
Haufe. His preoccupation with his laboratory was 
his outstanding characteristic. He never accepted 
the rectorate, and the forbidding impression he left 
on some contrasted strangely with that left on his 
students. He was unique among organic chemists 
for, though restricting himself to one field, he always 
succeeded in maintaining momentum by developing 
new methods. His work was rewarded by a Nobel 
Prize in 1930. 8S. F. MacDonaLp 


WE regret to announce the following deaths : 


Prof. Max Planck, For.Mem.R.8., on October 4, 
aged eighty-nine. 

Prof. Tine Tammes, emeritus professor of genetics 
in the University of Groningen, on September 20, 
aged seventy-six. 


NEWS and VIEWS 


National Museum, Ottawa: Dr. F. J. Alcock 
Dr. F. J. ALocock, formerly a senior geologist in 
the Geological Survey of Canada, Mines and Geology 
Branch, Department of Mines and Resources, has 
been appointed chief curator of the National Museum, 
Ottawa. This is the first occasion upon which the 
Museum has had a full-time director since the death 
of Dr. William McInnes in 1925. A native of Griers- 
ville, Ontario, and a graduate of the Universities of 
Toronto, Wisconsin and Yale, Dr. Aleock has spent 
thirty-six seasons with the Geological Survey and 
has carried out explorations in northern Manitoba 
and Saskatchewan. He has done extensive mapping 
of the Gaspe Peninsula and New Brunswick; in- 
vestigations of the zinc and lead resources of Canada, 
and the manganese and oil shale deposits of New 
Brunswick. He has also lectured at Carleton College 
on geology and on the forest, mineral and water 
resources of Canada. Since February of this year 
Dr. Aleock has been acting curator of the Museum. 
He brings to his new appointment a wide knowledge 
of Canada and a keen interest in museum work. As 
the first full-time director which the Museum has 
had for many years, his experience will add that new 


measure of energy and direction so necessary to ex- 
panding its usefulness in accordance with similar 
programmes which are being carried out in other 
countries. 


Physical Society: Awards for 1947 


Tue Council of the Physical Society has made the 
following awards for 1947: Duddell Medal to Dr. 
R. J. Van de Graaff, of the Massachusetts Institute 
of Technology, for the invention and development 
of his high-voltage electrostatic generator ; Charles 
Chree Medal and Prize to Sir Edward Appleton, for 
his investigations of the ionosphere ; Charles Vernon 
Boys Prize to Dr. C. F. Powell, of the H. H. Wills 
Physical Laboratory, University of Bristol, for his 
development of the photographic-plate technique for 
the investigation of fundamental particles. 


New Plastics Laboratories at Birmingham 


Tae Birmingham Central Technical College has 
given much consideration to the study of plastics 
technology, and new laboratories in Nelson Street 
now provide comprehensive courses to meet the 
requirements of students in the plastics industry. 
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The Laboratories were officially opened by the Lord 
Mayor of Birmingham on September 18. The cere- 
mony was preceded by a luncheon which was at- 
tended by representatives of the industry as well as 
by civic officials, and included Dr. V. E. Yarsley, 
chairman of the Educational Committee of the 
Institute of Plastics. Mr. J. Wilson, principal of the 
Central Technical College, stressed the importance 
of the co-operation of the industry, which has already 
been such a welcome feature in contributing to the 
success of the City Education Department’s scheme. 

The courses of instruction in the new Laboratories 
cover both chemical aspects and production in the 
plastics industry and also paints and varnishes. The 
Laboratories are adequately furnished with a range 
of specialized equipment, much of which has been 
generously supplied by Midland firms. A feature of 
the equipment is the provision of semi-works scale 
plant, with which it is possible to reproduce any 
given process from start to finish and to submit the 
products so obtained to the usual chemical and 
physical tests. The main trend of instruction will be 
a four-year course for the diploma offered by the 
City and Guilds of London Institute and an advanced 
course designed to meet the newly established 
associateship examination of the Plastics Institute, 
which it is hoped to make the chief technical qualifica- 
tion for the industry. The associateship has been 
formed by the Institute in co-operation with educa- 
tionists, and it comprises a two-year course open to 
students already holding qualifications in engineering 
or science. With the opening of the winter term, 


about seventy students will be released from their 
employment in the various plastics undertakings in 
and around Birmingham for the requisite periods of 


instruction each week. 


Research 

Tse first number of a new monthly journal, 
Research ; a Journal of Science and its Applications, 
has recently been published (Butterworth Scientific 
Publications, Bell Yard, Temple Bar, London, W.C.2. 
3e. 6d.; annual subscription, 45s. including postage), 
The journal is edited jointly by Dr. P. Rosbaud and 
Mr. D. R. Rexworthy with the assistance of a strong 
Scientific Advisory Board under the chairmanship 
of Sir John Anderson, with Prof. R. 8. Hutton as 
secretary. The main objective of Research is to forge 
a link between fundamental science and its applica- 
tions in industry and elsewhere in a purposeful and 
practical manner by “‘selecting its limitations in view- 
point instead of in subject-matter”. So this journal 
really is complementary to the pure science journals 
and also to the more specialized technical journals. 
The editorial article in the first issue is by Sir John 
Anderson ; in following numbers this article will be 
written by members of the Scientific Advisory Board 
or by other leading men of science. 

The main articles in the first number are: “Dia- 
mond Dies for Wire Drawing” by Sir Clifford 
Paterson; “Chemical Regulators of Plant Growth” 
by Dr. M. A. H. Tincker; “Metallic Creep” by Dr. 
A. H. Sully; “‘Polarographic Cystine and Protein 
Tests’ by Dr. R. Brdiéka; and “British Scientific 
Instrument Research Association’’ by Mr. A. J. 
Philpot. The Research Supplement contains two 
more specialized articles and research correspondence. 
A further feature of the journal is the reports on the 
research activities of various establishments at home 
and abroad, including the Department of Scientific 
and Industrial Research and the various research 
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associations. Book reviews, personalia and other 
notes and correspondence make up the rest of the 
journal. 

There is no doubt that such a journal wil! §jj 
a gap in scientific literature, and its aims and 
objects reveal it as a pioneer in a new field. The 
Scientific Advisory Board, the editors and the pub. 
lishers of Research are to be thanked for the new 
journal which they have launched, and are to be 
congratulated on the very high standard of its firs 
number. 


Microtecnic 

Microtecnic, a recently introduced journal pro\ iding 
an “international review for measuring and gauging 
technique, optics and precision mechanics”, is pub. 
lished every two months in an English-French edition 
from Lausanne. The April 1947 issue (Vol. 1, No. 2) 
contains eight articles in French; English tran. 
scriptions of the texts only, without the illustrations 
and diagrams, are collected into a separate section, 
Each article is associated with its appropriate refer. 
ence number in the International Decimal Classifica. 
tion, the principle and applications of which for pur. 
poses of documentation are described. Referring 
specially to examples of linear measuring machines 
and to the Hydroptic jig-borer, the chief designer of 
the Société Genevoise d’Instruments de Physique 
discusses some applications of optics to metrology. 
Other titles are: “The Hairspring: its Choice in 
Horology and for Electrical Apparatus”; ‘Training 
of Specialists in Instruments at the Horological 
School, La Chaux-de-Fonds” and “Equipment for a 
Precision Instruments Laboratory” ; “Beryllium and 
Beryllium Bronze”; “Rotating Substandard Elec. 
tricity Meters and their Uses”. The continual need 
for improvements in the interesting techniques for 
measuring time and distance for records under 
Fédération Aéronautique Internationale (F.A.I.) con- 
ditions is emphasized in “The Timing of Aircraft for 
Speed Records over a Measured Base”’ by the remark 
that Santos-Dumont took 261 sec. to traverse the 
3 km. base in 1906, whereas Group Captain Wilson 
took 11 sec. in 1945. Sole agents in Great Britain 
and Eire for this journal, which bears no evidence 
of restrictive austerities, are Messrs. Bailey Brothers 
and Swinfen, Ltd., 11 Ronalds Road, Highbury, 
London, N.5, from whom Microtecnic can be obtained 
at an annual subscription rate of 52s. 6d., post paid. 


Publication and Classification of Scientific Know- 

ledge 

Tue Association of Scientific Workers (Cambridge 
Senior Branch) has arranged a Conference on the 
Publication and Classification of Scientific Know- 
ledge to be held on October 25 during 2.15—6.30 p.m. 
at Trinity College, Cambridge. The purpose of the 
Conference is to discuss the re-organisation and 
rationalization of scientific publication, and the 
possibility of forming a central (if possible inter- 
national) abstracting service, to supply scientific men 
with abstracts and eventually, if required, the full 
text of selected papers. Consideration will also 
be given to the advantages and disadvantages of 
photographic methods of printing, including the wider 
use of microfilms and photostats. Prof. J. D. Bernal, 
who has been largely concerned with such proposals 
since their inception, will be a principal speaker, and 
Mr. J. B. Reid, of the Natural Sciences Section, 
United Nations Educational, Scientific and Cultural 
Organisation, will also speak. It is hoped, however, 
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that the main part of the conference will be made up 
by contributions from scientific men and editors of 
sientific journals at Cambridge. It is also hoped 
that the indexing of scientific information will be 
discussed. 


Examinations in Secondary Schools 


In its report on “Examinations in Secondary 
Schools”’ the Secondary School Examinations Council, 
which was reconstituted in June 1946 and asked to 
advise the Minister of Education on the future of 
examinations in secondary schools, recommends the 
complete revision of the present examination system. 
[It suggests that the School Certificate and Higher 
School Certificate examinations should be replaced in 
1950 by a single external examination which would 
be open both to pupils over sixteen years of age on 
September 1 in any given year and to candidates 
wer that age who are no longer in attendance at a 
secondary school. In reaching this conclusion the 
Council has been influenced by the consideration 
that an external examination is only profitable and 
proper for (a) those who wish to compete for scholar- 
ships or similar awards at universities or comparable 
gtablishments of further education, and (5b) those 
who have followed courses substantially beyond the 
compulsory school age and who wish to establish 
competence in certain subjects in order to secure 
exemption from university or professional examina- 
tions. The Council proposes that papers in the new 
external examination should be set at three levels— 
wdinary, advanced and scholarship. The ordinary 
papers would be designed to provide a reasonable 
test in subjects which a student has taken as part of 
a wide general course to the age of sixteen, the 
advanced to test the ability of pupils in subjects 
which have been pursued for two years as specialist 
studies in a sixth form, and the scholarship to give 
secially gifted pupils an opportunity to show 
distinctive merit and promise. Successful candidates 
would receive a “General Certificate of Education” 
recording the subjects in which they had passed and 
the level at which they had been successful. 

To supplement the information provided by the 
“General Certificate of Education” and to provide 
pupils who leave school before attaining the age of 
sixteen with a record of attainment, the Council also 
recommends that “every pupil on leaving a secondary 
school should be provided with a comprehensive 
school report containing the fullest possible informa- 
tion about him and his abilities and potentialities”. 
These reports would include the results of systematic 
and varied internal examinations, both formal and 
less formal, and of objective tests which ‘‘should be 
set periodically within the secondary school”. In 
publishing these recommendations the Minister of 
Education endorses the hope expressed by the 
Secondary School Examinations Council that the 
widest possible opportunity will be given for the 
discussion of the recommendations before any detailed 
decisions are taken on them. 


Gazetteer of Great Britain 


A RECENT publication of the Ordnance Survey is 
a fifty-page gazetteer of Great Britain (Southampton : 
Ordnance Survey Office, 1946. 5s.). It is in two 
sections: England and Wales, and Scotland. Each 
section is followed by an index diagram which shows 
in red the sheet lines and numbers of the One-Inch 
Popular Edition and in green the sheet lines and 
numbers of the Quarter-Inch map. The skeleton 
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outline of the counties and the lines of the National 
Grid are shown in grey. Towns and chief villages 
only appear in the gazetteer, which gives for each 
the National Grid reference. 


Phenazines and Benzcinnolines: a Correction 


P. Z. and R. Slack write: ‘We wish to correct 
an error in our communication on ‘Phenazines and 
Benzeinnolines’ (Nature, Sept. 27, p. 437). The 
3:4-benzcinnoline obtained melted at 154-155°, 
agreeing, in fact, with the literature. Our quoted 
figure referred to a specimen of carbazole obtained 
from the same reaction using modified conditions 
which will be reported as soon as possible in the 
full publication. Complete analytical figures for the 
dipicrate mentioned in our communication are: 
Found, C, 45:0; H, 2-0; N, 17-7. C,,H,N, 
2C,H,O,N, requires C, 45-1; H, 2-2; N, 17-6 per 
cent.” 


Announcements 


Tue Rockefeller Foundation has made a further 
grant of 85,000 dollars to the University of Leeds in 
support of the investigations of Prof. W. T. Astbury 
into the molecular structure of biological tissues. 


Tue United Kingdom delegation to the second 
genera! conference of Unesco, which opens in 
Mexico City on November 6, will consist of Mr. 
D. R. Hardman, Parliamentary Secretary, Ministry 
of Education; Sir Ronald Adam, chairman of the 
British Council ; Sir Henry French, director-general, 
British Film Producers’ Association; Mr. J. B. 
Priestley ; and Prof. E. D. Adrian. The alternate 
delegates are Sir John Maud, permanent secretary, 
Ministry of Education; Mr. Ronald Gould, general 
secretary, National Union of Teachers; Sir John 
Forsdyke, director and principal librarian, British 
Museum ; Dr. Margaret Read, University of London ; 
Dr. W. P. Alexander, secretary, Association of 
Education Committees. 


At the annual general meeting of the Irish Chemical 
Association the following officers and council were 
elected for the 1947-48 session : President, Prof. T. 8. 
Wheeler ; Vice-President, Prof. E. J. Conway ; Hon. 
Secretary, G. F. O'Sullivan; Hon. Treasurer, J. 
Belton; Council, Dr. V. C. Barry, T. W. Breaden, 
D. Crowley, B. G. Fagan, Miss M. MacNeill, N. V. 
Nowlan, D. O’Tuama. Prof. T. S. Wheeler will 
deliver his presidential address on “A New Aspect 
of the Claisen Condensation”’ in the Department of 
Chemistry, Science Buildings, Upper Merrion Street, 
Dublin, on October 22 at 7.30 p.m. 


Untversrry Cot~ece Lonpon, and the British 
Boot, Shoe and Allied Trades Research Association 
jointly are offering a research fellowship (annual 
value about £650), tenable in the first instance for 
two years, for work on the structure of the human 
foot, its mechanics and the mechanics of human 
locomotion. The work will be done in the Department 
of Anatomy, University College London, under the 
immediate direction of Dr. W. A. Fell, and in close 
liaison with the Research Association’s headquarters 
and laboratories in Kettering, Northamptonshire. 
Applications from persons with medical or biological 
qualifications should be sent before December 31 to 
the Secretary, University College London, Gower 
Street, W.C.1, or to the Director of Research, Satra 
House, Rockingham Road, Kettering. 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous icati 





Nuclear Explosion Recorded by Photographic 
Emulsion Method 


THE existence of multiple disintegration produced 
by cosmic rays in photographic emulsion has been 
recorded by Perkins' and by Occhialini and Powell’. 
These multiple disintegrations, recorded at nigh 
altitudes, were attributed to slow mesons and re- 
sulted in the emission of protons and «-particles. 
This phenomenon of multiple disintegration by the 
capture of a slow meson was also noted at sea-level 
by Evans and Griffiths’. 

Recently we have recorded a nuclear burst caused 
by cosmic rays at sea-level. In our experiment the 
photographic emulsion used was of thickness 40 
(type Ilford C.2), and in order to avoid radioactive 
contamination the plates were covered with a mica 
sheet of 4 cm. air-equivalent. The plates were ex- 
posed for three days. In one of them we observed a 
case in which 22 particles were ejected in various 
directions in the form of a star. The accompanying 
figure shows the photograph of the star, taken after 
reprojection on the screen. From a study of the 
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number of grains per division, it seems probable that 
all the tracks are due to protons. Examination of 
the tracks under a microscope revealed that the star 
originated in the mica, and the fact that some of the 
tracks are somewhat apart from the rest is explained 
by this, since most travelled directly to the plate, 
while these few entered laterally. 

To facilitate the study of the tracks the notation 
given by Powell and Occhialini‘ has been used. 
Those tracks which pass into the glass have been 
denoted by A(g), those which stop in the emulsion 
by Bie), and those which leave the surface of the 
emulsion by C(s). 

It is difficult to determine the energies of the 
particles which pass into the glass, or of those which 
leave the surface of the emulsion. However, from 
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the grain-spacing along the length of the tracks, g 
rough estimate has been made that the enerzies of 
the particles from A 1(g) to A9(g) (that is, those pags. 
ing into the glass) lie between 3 and 10 MeV. Those 
from C1(s) to C3(s) (that is, those leaving the surface 
of the emulsion) lie between 3 and 12 MeV. The 
energies of those particles which remain in the 
emulsion—Bl(e) to Bl0(e)—have been calculated as 
lying between 3 and 5 MeV. 

Since the burst occurred in the mica sheet, it is, in 
the first place, not possible to state which component 
of the cosmic radiation caused this phenomenon; 
it may, however, be due to a slow meson, as mesons 
constitute a large component of the cosmic raciation 
at sea-level. In the second place, it is probable that 
not all the protons have been registered in the 
emulsion. Consequently, it is not possible to define 
the nature of the disintegrated nucleus. However, 
if it is assumed that all the protons have been rm. 
corded, the nucleus is titanium, in which there are 2% 
neutrons. Hence, even the minimum energy involved 
in this reaction is of the order of 250 MeV. 

My thanks are due to Dr. F. C. Champion for his 
interest and encouragement. 

R. R. Roy 

Wheatstone Laboratory, 

King’s College, 
London. 
Aug. 6. 
* Perkins, D. H., Nature, 159, 126 (1947). 
* Occhialini, G. P. 8., and Powell, C. F., Nature, 158, 186 (1947). 
* Evans, G. R., and Griffiths, C. G., Nature, 159, 879 (1947). 
* Powell, C. F., and!Occhialini, G. P. 8., Nature, 159, 93 (1947). 


Gamma-Ray Yield Curves of ed Neon 
Isotopes Bombarded with Protons 


Tue fact that only very small amounts of materials 
are required in studies of the resonance capture of 
protons in the lighter elements invites attempts to 
prepare targets by means of ion beams. In this 
manner it is possible to investigate substances, such 
as inert gases, otherwise unsuited as target material, 
and in addition it is possible to study samples of 
separated isotopes. 

With the mass spectrograph at this Institute’, neon 
targets have been prepared by bombarding silver 
disks with beams of the different isotopes. At the 
high energy of 60 keV. of the ions and at the currents 
(70 micro-amp. for **Ne) used in the experiments, 
it was possible to collect sufficient neon in the surface 
layer of a thickness of about one hundred atomic 
diameters, in which the ions according to theory’ 
will be stopped. The targets proved to be fairly stable, 
no change being detectable after storage for several 
weeks. They were also able to withstand heating to 
200° C. for one hour; but heating to 350° C. destroyed 
them in less than 20 minutes. Under the bombard- 
ment of the 1-3 micro-amp. proton beam they were 
worn out in a few hours. 

The techniques of proton bombardment and 
gamma-ray detection were the same as those used 
in an earlier investigation of aluminium resonances’. 
Saturation intensities of gamma-rays were obtained 
with targets which had received about 10 milli- 
coulombs of neon ions per cm.*, corresponding 
to 2 micrograms per cm.*. Such targets showed 4 
bluish tinge where they were hit by the neon beam. 
If all the neon is still present in the target, the 
stopping power of the neon layer is approximately 
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0-5 keV. for 0-5 MeV. protons. Since the sharpness 
of the resonance peaks is of the order of magnitude 
ted from the + 5 kV. fluctuations of the voltage, 
the neon deposit must be confined to a layer of the 
silver disk of a total stopping power less than the 
spread in proton energy. The yield of the nuclear 
esses should thus be practically independent of 
the distribution of the neon atoms in the surface 
layer. Furthermore, it may be concluded that in a 
saturated target the relative concentration of neon 
and silver atoms in this layer is at least 1: 10 and 
probably considerably higher. During the prepara- 
tion of the targets, some extra silver plates were 
also placed in the mass spectrograph, but shielded 
from the beam. Such control targets never showed 
any sign of resonance . 
The processes involved in the capture of a proton 
by the neon nucleus are, for the three isotopes, 


“Ne-+'H="Na+y 
(AE = 3 MeV.) 


(II) **Ne (0-27 per cent): Ne+{H="\Na+y 
(AE = 7-3 MeV.) 


(III) **Ne (9-73 per cent): *"Ne+*H=**Na+y 
(AE = 9-5 MeV.) 


(I) **Ne (90 per cent) : 


While the **Na is stable, **Na and **Na are 8*+-active 
with periods of 23 sec. and 3 years respectively. The 
resonance spectra obtained with the targets contain- 
ing the separated neon isotopes show the following 
features. 

**Ne. In the interval from 0-5 to 1-3 MeV. two 
weak resonances ere found at 865 and 1,165 keV., 
both with saturation intensities of about 0-3 
counts per micro-coulomb. Only the 1,165 keV. 
resonance is accompanied by §-activity. The half- 
life was found to be approximately 20 sec., and this 
resonance is therefore ascribed to process (I). Since 
the voltage fluctuations are about twenty times the 
stopping power of the neon, a pure, thick **Ne target 
sheuld for this resonance give a yield of about six 
counts per micro-coulomb. From an analysis on 
similar lines as that given in the discussion of the 
aluminium resonances’, the corresponding radiation 
width may be estimated'to be about 2 eV. The peak 
at 865 keV. is situated just at the resonance energy 
of one of the strongest fluorine lines. As fluorine 
compounds had been used in the mass spectrograph 
on an earlier occasion, this radiation is therefore 
ascribed to the presence of about 0-2 per cent FH* 
ions in the mass 20 beam. The other strong fluorine 
line at 1,363 keV. could not be detected with certainty 
due to the rise of the background above 1,300 keV. 
For the same reason the presence of weak neon lines 
above 1,300 keV. cannot be excluded, but no very 
strong lines exist up to 1,500 keV. 

**Ne. In the interval from 0-6 to 1-3 MeV. two 
strong resonances are found at 765 and 865 keV., 
both with a saturation intensity of about 1-5 counts 
per micro-coulomb. There are, moreover, indications 
of several weaker resonances, for example, at 1,110 
and 1,200 keV. Because of the long half-life and the 
high probability of K-capture for **Na, in relation to 
the very small amount which could be built up before 
the target was worn out, no definite measurements 
on the §-activity accompanying process (II) could be 
made. It is, however, most likely that the 865 keV. 
peak is due to the presence of about 1 per cent FH,* 
ions in the mass 21 beam. This interpretation is 
supported by the fact that in the region from 1,300 
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to 1,400 keV. maximum intensity is found at 1,365 
keV. The measured current in the mass 21 beam of 
the mass spectrograph was ten times the value ex- 
pected from the abundance of **Ne. Since a mass 21 
target bombarded with protons of 1,165 keV. energy 
showed §-activity with a half-life of about 20 sec. 
and an intensity corresponding to a saturated **Ne 
target, the excess current is supposed to be due almost 
entirely to **NeH* ions. This interpretation con- 
forms well with the estimate of the current of **NeHt 
as calculated from the measured current of the mass 
23 beam, which is supposed to contain **NeH* ions 
only. If the content of **Ne in the targets is assumed 
to be 10 per cent, a pure, thick **Ne target would be 
expected to give a strong line at 765 keV., giving 
about 300 counts per micro-coulomb, and several 
weaker lines all over the spectrum giving less than 
100 counts per micro-coulomb. The strong level is 
estimated to correspond to a radiation width of 
approximately 50 eV. 
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PROTON ENERGY 
GAMMA-RAY INTENSITY FROM “NE BOMBARDED WITH PROTONS 


**Ne. In this case altogether about twenty peaks 
were found in the interval from 0-5 to 1-5 MeV. 
All these must be ascribed to process (III). In fact, 
the presence of large amounts of other neon isotopes 
in the mass 22 beam is excluded because of the rarity 
of **Ne and of the NeH, compound, just as the pres- 
ence of fluorine in the form of FH,* is very unlikely. 
No radiation is, moreover, found at the energies 
corresponding to the stronger resonances of such 
impurities. Due to the favourable conditions, the 
resonance spectrum could be measured with con- 
siderable precision, and the details are shown in the 
accompanying diagram. As mentioned above, the 
sharpness of the peaks is determined by experimental 
factors and allows, therefore, no estimate of the true 
width which, especially for the lower voltages, must 
be expected to be considerably smaller. The yields 
of the stronger resonances are of the order of 5 counts 
per micro-coulomb, corresponding to 100 counts per 
micro-coulomb for a pure, thick **Ne target, or a 
radiation width of about 20 eV. 

The characteristic difference between the resonance 
spectra of the three neon isotopes is in agreement 
with general experience concerning the resonance 
processes in light nuclei. In particular, the rareness 
of levels in **Ne in the energy interval considered 
as compared to the close spacing of the resonances 
in **Ne may be simply explained by the much higher 
excitation of the compound nucleus in the latter 
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than in the former case, the reason for which is the 
high stability of light nuclei of the type 2n protons 
plus 2n neutrons. Furthermore, the difference in 
excitation may also account for the greater radiation 
width of the resonances in **Ne as compared to **Ne. 
From such considerations, the **Ne spectrum would 
be expected to resemble that of **Ne more than that 
of **Ne. Although the data for the rare isotope are 
very incomplete, they may lend some support to this 
expectation. 
We wish to thank Prof. Niels Bohr for his con- 
tinaous and encouraging interest in the work. 
K. J. Brostrém 
T. Hvvs 
J. Kocn 
Institutes for Theoretical Physics, 
Copenhagen. 
July 20. 


* Koch, J., and Bendt-Nielsen, B., Kgl. Danske Vid. Sel. Mat.-Fye. 
Medd., 21, 8 (1944). 

* Bohr, N., Xgl. Danske Vid. Sel. Mat.-Fys. Medd., in the press. 

* Brostrém, K. J., Huus, T., and Tangen, R., Phys. Rev., 71, 661 (1947). 


Excitation of Nuclei by Electrons 


THE excitation of nuclei by electrons has been 
recently observed by several authors'.**. It does 
not seem possible to make the interaction between 
electrons and nucleons resulting from Fermi’s theory 
of §-decay responsible for the observed processes, 
since this interaction gives rise to cross-sections of 
10-*° cm.* only* and the cross-sections estimated by 
Collins and collaborators are of the order of 10-** to 
10-** om.?. 

There remains, however, the possibility of inelastic 
collisions on the basis of the electromagnetic inter- 
action between the electrons and the protons of the 
bombarded nucleus. This interaction should give 
rise to a cross-section of the observed order for 
electron energies a few 100 kV. above the threshold. 

If the dipole moment of the nuclear transition 
which effects the inelastic scattering does not vanish, 
the cross-section near the threshold should be 


2 p 
{x + aft. 


Here Ame* is the excitation energy of the nucleus, 
p’ the momentum of the electron after, and p the 
momentum of the electron before, the scattering ; 
x is the geometrical dipole moment. For large energies 
p’ > (me, 4 me) the cross-section takes up the same 
energy dependence as the cross-section for inelastic 
atomic collisions® : 


Ve 2 |* 4p* 
C) 4x 137 (in at 2). 

The cross-section as a function of the energy of the 
scattered electron, therefore, increases like Z*!* for 
small energies and according to the ionization formula 
for large energies. 

The order of magnitude of the cross-section near 
the threshold becomes 


x 2 


F 
e= al i 


e~ lo P cm.*, 
P 


when 2 is assumed to be about R/100 (R = nuclear 
radius), which seems reasonable, since nuclear dipole 
moments are very small and the actual life-times of 
y-emitters are about 10,000 times smaller than those 
expected for unit oscillator strength*. 
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I should like to emphasize that the process described 
here is not a resonance process, as assumed by 
Wiedenbeck in the interpretation of his experiments— 
any more than the experiment of Franck and Hertz ig 
due to a resonance phenomenon. Below the threshold 
no effect whatever will take place, whereas in reson. 
ance processes the effect shows a maximum at the 
threshold energy. 

A more detailed investigation of multipole trang. 
itions will be published later. 

Bruno TouscurrK 
Department of Natural Philosophy, 
University, Glasgow. 
July 29. 
* Collins, Waldmann and Guth, Phys. Rev., 56, 876 (1939). 
* Collins and Waldmann, Phys. Rev., 57, 1088 (1940). 
* Wiedenbeck, Phys. Rev., 67, 92 (1945). 
* Bethe and Bacher, Rev. Mod. Phys., 8, 82 (1936). 
* Bohr, Phil. Mag. (vi), 30, 581 (1915). 
* Bethe, Rev. Mod. Phys., 9, 220 (1937). 


- Inequality of (111) X-Ray Reflexions in 
Diamond 


A wuMmBER of problems concerning the crystal 
texture of diamond remain unsolved, notably the 
anomalous streaks on X-ray photographs'. It seems 
probable that these must arise from some imperfection 
of the crystal structure, and it was with the object 
of testing whether these imperfections were arranged 
with cubic symmetry or not that the present tests 
were made. 

The experiments were carried out using an ioniza- 
tion spectrometer? with photographic recording of 
the ionization current. The diamonds were al! flat 
plates parallel to the (111) plane and between 0-5 
and 1-1 mm. thick. These plates were set up so 
that the three (111) planes inclined at 70° 32’ to the 
plate could be brought in turn into the reflecting 
position. The crystal was rotated at a uniform rate 
through the reflecting position while the record of 
the ionization current was being made. Finally, the 
areas under the photographic traces produced by 
the three (111) planes were measured. In this way, 
the ratios of the integrated reflexions for the three 
planes could be determined. In a truly cubic sub- 
stance these ratios should be unity, since the same 
portion of the crystal (a cylinder about 2 mm. in 
diameter) was irradiated in all three observations 
on any one crystal. From the table given below it 
will be seen that for five diamonds out of six the 
deviation from unity of the ratios of the integrated 
reflexions exceeds the experimental inaccuracy, 
which is approximately + 5 per cent. 

Crystal No. 1 2 

Plane 1 100 1-00 
2 0-84 0-98 
3 0-75 = O91 

It therefore appears that imperfections of the 
crystals which affect the intensity of X-ray reflexion 
from the (111) planes are not usually distributed with 
the cubic symmetry of the diamond crystal structure. 

W. A. Wooster 
G. L. MacponaLp 
Crystallographic Laboratory, 
Cavendish Laboratory, 
Cambridge. 
Aug. 15. 
* Lonsdale, K., Proc. Roy. Soc., A, 179, 315 (1942). 


“Weta, W. A., and Martin, A. J. P., Proc. Roy. Soc., 155, 150 





50 


ribed 
| by 
1ts— 
tz is 
shold 
son. 


the 
“ans. 


°K 


1947 


Correction of Measurements of Low-Angle 
X-Ray Scattering 


Ir has been recognized that for accurate measure- 
ments of small-angle scattering it is nece&’sary to use 
a monochromator. The monochromatized beam may 
have a very small width, but has a finite height which 
cannot be reduced without making the intensity of 
the beam too weak. If the intensity scattered at 
angle ¢ is i(¢), experiment does not give directly ie), 


A 
= xf i (Ve + pt where A is the half- 


height of he beam, D the distance between sample 
and film, and ¢ the distance between one point of 
the beam and the plane of symmetry. For any 
value of A, the difference between i(¢) and IJ(¢e) 
becomes important below a given value of ¢. If J(¢) 
is practically zero for ¢ > ¢, and if A > De,, I(¢e) 
may be written more simply : 


I(e) = fi (Ve+ + Fat. (1) 


The approximate formula for i is 


— 4r? R’e a) 
3A° 
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but I(¢ 


(2) 


i(¢) = const. exp (= 


where R is the radius of gyration of the diffracting 
particles and A the wave-length of the incident radia- 
tion. If this particular function is put in formula (1), 
it is found* that : 

V3 wD 


I(e) —— ., —— (8). (3) 
4Vx R 
But formula (2) is only valid for small values of ¢, 


and the integral (1) involves the whole exponential 
function. Thus, the result (3) is not correct. 


11k 
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Calculated radius of gyra’ 


i0 
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Fig. 1 


We have calculated the rigorous function i(¢) for 
spherical and ellipsoidal (axial ratio = v) particles of 
the same radius of gyration R. Then we calculated 
the corresponding functions J(<). The result is that 
the approximate exponential form for I(e). is not 
the same as for i(e); the curve (Fig. 1) gives the 
calculated radius of gyration from J(¢) according 
to (3), and shows that the error is 3-5 per cent for 
spherical particles but grows very large for plate- 
shaped and particularly needle-shaped particles. It 
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can be shown, also, that the érror is importatit in 
the case of mixtures of almost spherical particles of 
various diameters. 

To obtain the corrected function i(c), Shull and 
Roess* decomposed the experimental function J into 
@ sum of exponentials : 


= LmCm exp (— m*e*). 


Then, according to (1), 


‘= - —_ exp (— m*e*) 
VzD 
But this decomposition is not possible in every case, 
for example, for patterns with rings of very small 
diameter‘. 

There exists a general method of solving equation 
(1) (the calculation is due to MM. Bouzitat and 
Germain, of the Office National de Recherches 
Aéronautiques). The result is as follows : 


uc) = se 


(uw is the integration parameter). 


i(e) 


i(e) (relative values) 
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Fig. 2. 

To use (4), it is necessary to determine the deriva- 
tive I’(c) from the experimental data. In order to 
check the accuracy of the method in a practical case, 
we considered the case of a schematic ring (Fig. 2 a), 
and we calculated the curve which would be observed 
with a beam of infinite height (Fig. 26). Then we — 
determined graphically i(¢) from curve 26 by means 
of the equation (4). The curve obtained (Fig. 2c) 
is in satisfactory agreement with the theoretical 
curve. 

A. GUINIER 
G. Fournet 
Laboratoire d’Essais du Conservatoire National 
des Arts et Métiers, 
Office National de Recherches 
Aéronautiques, 
Paris. 

4 Guinier, A., Ann. Phys., 12, 192 (1939). 
* Hoseman, Z. Elektrochem., 46, 535 (1940). 
* Shull, C. ag ty - L. C., J. Appl. Phys., 18, 304 (1947). 
* Riley, D. P., “The Ultra- Fine Structure of Coals and Cokes”, Brit. 


vul Res. Assoc., 232 (London, 1944). Guinier, A., J. Chim. 
Phys., 40, 133 (1948). 
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Structure and Diamagnetic Susceptibility of 
Cyclo-octatetraene 

AccorpinGc to Pascal’s empirical formule’, if 
cyclo-octatetraene has a structure corresponding with 
a cyclic system of conjugated double and single bonds, 
which may be puckered, the molecular susceptibility 
to be expected is — 50-2 x 10-* c.c.s. On the other 
hand, if it contains eight ‘aromatic’ carbon atoms 
with eight pooled electrons, the molecular suscept- 
ibility to be expected would be — 73-4 x 10-* c.a.s. 
This charecteristic increase in diamagnetic suscept- 
ibility when a pool of ‘aromatic’ electrons is present* 
makes a useful index of aromatic character. In the 
ease of cyclo-octatetraene, recently published data 
for the heat of formation® lead to a calculated reson- 
ance energy of 25-4 kcal./mole. Although this 
resonance energy is smalier than in the case of benzene 
(approximately 39 kcal./mole)*, it is sufficiently 
high to leave some doubt as to whether cyclo- 
octatetraene may have its structure stabilized by the 
formation of an-aromatic pool of electrons. Optical 
evidence‘ is not quite decisive on this point. Measure- 
ments have now been made on the magnetic suscept- 
ibility of cyclo-octatetraene, to test for an aromatic 
pool of electrons by the enhanced diamagnetism. 

Details of these measurements are being published 
elsewhere; but the main result is that the molecular 
susceptibility of liquid cyclo-octatetraene at 20° C. 
is — 51-9 x 10-*. This appears to indicate that the 
structure corresponds primarily with a cyclic system 
of conjugated double and single bonds, and not with 
an aromatic pool. 

At the same time, the colour of solid cyclo-octa- 
tetraene appears to change from yellow to white at 
low temperatures. This may be associated with some 
change in bond structure, such as the disappearance 
of small amounts of a di-radical form of cyclo-octate- 
traene on cooling, and further experiments are in hand 
on solid cyclo-octatetraene at low temperatures. 

Thanks are due to Messrs I.C.I. for gifts of cyclo- 
octatetraene and related compounds. 

R. C. Prvx 
A. R. UBBELOHDE 
Chemistry Department, 
Queen’s University, Belfast. 
* Cf. Selwood, * “Magneto chemtstey™ Catenestanse, L. 
* Ubbelohde, Fetwre, im. 933). 
Trans. Roy. Soc., A, 234, a 298 (1985). ‘@ es de Phos ‘a 307 


(1937). 

* B.L.0.8. Report, N.137, Item 22 (1945). 

* Flett, Cave, Vago and Thom Nature, 159, 739 (1947). Lippin- 
cott, E. R., and Lord, BR. ¢ ., J. Amer. Chem. Soc., 68, 1868 (1946). 
un 0., Hassel, , and Langseth, A., Nature, 160, 128 
(1947). 

* Pauling, “Nature of the Chemical Bond” (1940), p. 134. 


The Isomeric Trithioaldehydes 

Schénberg and Barakat contend! that the pairs of 
isomeric trithioaldehydes (I) hitherto regarded as 
having their substituents in cis and trans positions 
with respect to the ring are, in fact, relatively stable 
‘boat’ and ‘chair’ ring isomerides. These authors 
suggest that the trithioaldehydes are resonance 
hybrids of forms such as I and IT 


8 
yd,” 
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implying that this would account for some 
special stability of the two puckered forms. 

This view could not be accepted unless it were 
shown that the postulated resonance would, in fact, 
stabilize each of the puckered ring forms, as com. 
pared with any possible intermediate configuration, 
so as to introduce an energy barrier of sufficient 
magnitude to prevent a rapid interconversion such 
as occurs with the corresponding forms of cyclo. 
hexane. But the opposite conclusion appears more 
probable: for it is clear that the resonance would 
affect equally all the bonds in the ring, imparting to 
each some degree of double-bond character. This 
should stabilize a planar or nearly planar form rather 
than the ‘boat’ and ‘chair’ configurations. 

Apart from this, the authors appear to have over. 
looked several significant points. (1) Why, if their 
suggestion is correct, do not two forms of the parent 
trimethylene trisulphide exist? (2) The authors’ 
hypothesis requires more than two isomerides of the 
trithioaldehydes and they refer to various reports of 
third isomerides. The case of the trithioacetaldehydes 
is one of the most carefully investigated, and the 
evidence that the supposed third ‘isomeride’ is a 
mixture of the other two is conclusive’. (3) Chatta. 
way and Kellett* succeeded in oxidizing the two 
trithioacetaldehydes to three isomeric monosulphones. 
This result is exactly that required by the classical 
view of the isomerism and is strong evidence of its 
correctness. (4) The catalytic effect of iodine in 
causing interconversion of the isomeric trithio- 
aldehydes is not surprising. The ring carbon atoms 
are each attached to two sulphur atoms, and a 
reversible rupture of a carbon-sulphur bond in these 
circumstances is reasonable. Any such reaction 
would, however, be retarded by the presence of a 
sulphone group, and, in fact, Chattaway’s isomeric 
sulphones were found not to be interconvertible by 
catalysis. 

There is thus no reason to doubt that the isomerism 
of the trithioaldehydes is of the cis — trans type. 

G. M. BENNETT 

Government Laboratory, 

London, W.C.2. 
Aug. 7. 
* J. Chem. Soc., 693 (1947). 
* Bell, Bennett, and Hock, J. Chem. Soc., 1462 (1929). 
* J. Chem. Soc., 1352 (1930). 


Isolation of a Quadrivalent Rhodium Complex 


THe only compound of quadrivalent rhodium 
described in the literature is the green, hydrated oxide 


obtained in the impure form by chlorine into a 
solution of sodium hexachlor-rhodate (IIT), (Na,RhCl,), 
containing excess sodium hydroxide’. Grube and 
Gu* obteined greenish-violet coloured solutions by 
oxidizing anodically rhodium salts in sulphuric, nitric 
and perchloric acids. Although no solid products 
were isolated, the authors deduced from potentio- 
metric titrations that these solutions contained some 
quadrivalent and hexavalent rhodium. The redox 
potential of the trivalent-quadrivalent couple was 
estimated at + 1-40 volts. 

Although the most characteristic compounds of 
the quadrivalent state among the platinum metals 
are the hexahalogen complexes, the above potential 
leads to the conclusion that any complexes of quadri- 
valent rhodium containing halogens, except fluorine, 
would be highly unstable in solution. In 
conformity with the large size of the cation, the 
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cesium hexahalogen complexes of the platinum 
metals are the least soluble and hence most likely 

to yield a stable quadrivalent rhodium compound. 

When an ice-cold solution of sodium hexachlor- 
rhodate (III), saturated with chlorine, was treated 
with solid cesium chloride, a fine, pink suspension 
of cwsium hexachlor-rhodate (ITI), (Cs,RhCl,), was 
obtained. On adding ceric nitrate in dilute nitric 
acid this was oxidized instantly to green, insoluble 
eesium hexachlor-rhodate (IV), (Cs,RhCl,). The 
identity of the substance was established by analysis. 
X-ray powder photographs showed the substance 
to be face-centred cubic and isomorphous with 
ammonium hexachlor-platinate (IV). The com- 
pound decomposed in contact with water, liberating 
chlorine, and was readily reduced to trivalent 
thodium, the colour changing to pink. 

Further details wili be published in the Journal 
of the Royal Society of New South Wales. 

F. P. J. Dwyer 
R. 8. NyHoLm 
Chemistry Department, University of Sydney, 
and 
Chemistry Department, Sydney Technical College, 
Sydney. July 7. 
‘dase. C.R., 101, 851 (1885). Wohler and Ewald, Z. anorg. allg. 
hemie, 201, 151 (1931). 

tgrube and Gu, Z. Electrochem., 43, 397 (1937). 
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Central Excitant Action of Diisopropylfluoro- 
phosphonate 

Previous work from this laboratory has shown 
that the anticholinesterase group of drugs acts on 
the central nervous system in cats and man; eserine 
and the related tertiary compounds are central 
excitants, prostigmine and the related quaternary 
compounds are central depressants. Diisopropy!l- 
fluorophosphonate has an entirely different type of 
chemical constitution from the hitherto described 
anti-cholinesterases, and in vitro is a more potent 
inhibitor of cholinesterase than eserine. It was 
thought of interest to examine its action on the 
central nervous system; it proved to be a central 
excitant like eserine sulphate, but larger doses were 
required to produce similar effects. 

Diisopropylfiuorophosphonate produces its central 
excitant effects on intravenous or intrathecal in- 
jection in cats under chloralose anesthesia, in de- 
cerebrate animals and in the decerebrate or chloralosed 
animal made spinal. The reflexes examined were the 
knee jerk, the crossed extensor reflex, the jar reflex 
and the flexor reflex. The knee jerk was enhanced, 
but the most striking effect was on the after-discharge, 
which became larger and more prolonged; the 
crossed extensor reflex, which is often absent or is 
feeble and poorly sustained in the chloralosed animal 
or in the spinal preparation, made its appearance 
under the influence of diisopropylfiluorophosphonate 
and became more powerful and better sustained ; 
the jar reflex which is normally absent frequently 
made its a ce; and the flexor reflex was poten- 
tiated though much less regularly than the other 
reflexes mentioned. 

In larger doses diisopropylfluorophosphonate pro- 
duced convulsions, which were o*ten violent in char- 
acter and long sustained; in decerebrate animals 
marked increases or phasic fluctuations in tone 
occurred. The reflex changes described occurred in- 
dependently of alterations in blood pressure or 
respiration or of peripheral potentiation of the nerve- 
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muscle response; they are independent of the 
presence of the anzsthetic, or of the cerebrum. The 
reflex changes are modified by removal of the brain- 
stem, but the essential features are still shown by 
the spinal animal. We conclude that diisopropyl. 
fluorophosphonate acts on the central nervous system, 
facilitating excitatory transmission in the spinal cord 
and brain stem. 
Mary CHENNELLS 
Samson WRIGHT 
Department of Physiology, 
Middlesex Hospital Medical School, 
, London, W.1. July 1. 


X-Ray Induced Mutations in Dried Bacteria 

AGENTS such as ionizing radiations, mustard gas, 
etc., effective in increasing mutation-rates in higher 
organisms, have been shown! to act likewise in micro- 
organisms, including several species of bacteria. We 
can now add a strain of Bacterium aerogenes (isolated 
by one of us—C. H.—from dried milk) to the list 
of bacteria in which mutations have been induced 
by X-ray treatment: doses of 35,000 to 50,000 r., 
which leave 10-* to 10™ survivors, yield ‘biochemical’ 
mutants at rates of up to | per cent. 

A relevant feature of our results lies in the fact 
that these mutants were obtained by treating bacteria 
preserved in the dry state. This shows that active 
growth and division at the time of treatment is not 
an essential condition for the induction of mutations 
in bacteria. A new similarity has therefore come to 
light between mutation in bacteria and in higher 
organisms, since in the latter non-dividing and 
relatively quiescent cells, such as spores, spermatozoa, 
etc., are known to —.utate readily under the action of 
mutagenic agents (see, however, Stone ef al.* for a 
possible delayed mode of action of irradiation). 

The mutants have been isolated by. means of 
Lederberg and Tatum’s* technique ; they differ from 
the parent strain in having one or other new specific 
nutritional requirement, presumably because a step 
in the synthesis of an essential metabolite fails to 
be performed‘. The identification of these specific 
requirements is now in progress; we have so far 
characterized mutants requiring aneurin, cystine, 
methionine, adenine, uracil, nicotinic acid, threonine, 
glycine, arginine, asparagine and histidine. 

Another relevant feature in our results is the high 
proportion of mutants which are of the ‘adaptable’ 
type. That is, while the original strain grows almost 
at once on a medium composed of glucose and 
inorganic salts, a mutant, ‘adaptable’ or other- 
wise, can do the same only if a particular 
nutrilite is added to this medium. Without this 
addition a non-adaptable mutant will never grow, 
but an ‘adaptable’ mutant will grow after a ‘lag’ of, 
say, twenty-four hours or more. Once it has started 
growing normally it will continue to do so on successive 
transfers to the same deficient medium. This ‘adapta- 
tion’, however, is lost on passage through a medium 
supplying the nutrilite. 

Clearly these ‘adaptable’ mutants are of great 
interest for genetics and biochemi They may 
presumably owe their adaptability to either: (1) an 
inheritable change causing the production of a 
changed form of an enzyme; or (2) an inheritable 
change entailing failure to produce an enzyme and 
opening the way for an alternative enzyme system 
to be called into operation; or (3) the inactivation 
of a gene which, in the normal strain, controls directly 
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or indirectly the rate of growth of a plasmagene 
identical with, or precursor of, an enzyme (see 
Spiegelman‘). 

By comparing in vitro suitable enzyme systems 
of the parent strain with those of ‘adaptable’ mutants 
it may be possible to investigate the first and second 
alternatives. On the other hand, the third alternative 
can be verified by investigating whether continued 
sub-culture of an ‘adaptable’ mutant on a medium 
supplying the growth factor ultimately leads to 
irretrievable loss of the adaptability; that is, ex 
hypothesi to the loss of every particle of plasmagene‘. 

It seems that investigation of these ‘adaptable’ 
mutants might show whether ‘adaptability’ is a 
property of the enzyme—certain enzymes being 
adaptive and others not—or of the cell which produces 
the enzyme. The-relevance for the understanding of 
the relationships between genes, other self-duplicating 
cell structures and enzymes is clear*,'. 

P. Devi 
G. PonTrEcoRvOo 
Department of Genetics, C. HigcGInBoTToM 
University of Glasgow, 
and 
Hannah Dairy Research Institute, 
Kirkhill, Ayr. July 3. 
* Luria, S. E., Bact. Rev., 11, 1, 40 (1947). 
* Stone, S. W., Wyss, O., and Haas, F., Proc. Nat. Acad. Sci., 33, 


59, 66 (1947). 
* Lederberg, J., and Tatum, E. L., J. Biol. Chem., 165, 381, 82 (1946). 
* Beadle, G. W., Chem. Rev., 37, 15, 96 (1045). 
* Muller, H. J., Proe. Roy. Soe., B, 194, 1, 37 (1942). 8 egelme 1S 
Cc Ss 1 arbor : ymp., 5 le wain, - 
Hi C. it , “The Chemica] 


Kinetics of the Bacterial Cell” (Oxford, 1946). 
* Cf. the situation in Paramecium: Sonneborn, T. M., “Advances in 
Genetics”, 1, 263, 358 (1947). 


Anode Phenomena in Molten Electrolytes 

Fredenhagen and Krefft' have shown that, when 
molten KF-HF is electrolysed using a graphite anode, 
the anode is not ‘wetted’ by the electrolyte. The 
same effect has been noted by other investigators as, 
for example, Cady*. 

In the course of experiments carried out in this 
Laboratory we have confirmed the observations of 
Fredenhagen and Cady, and have further shown that 
a similar apparent absence of ‘wetting’ of the anode 
by the electrolyte takes place with amorphous carbon 
anodes in molten KF.2HF at temperatures between 
80° and 110°C. We have also observed that all the 
fluorine formed at the anode leaves at the solid- 
liquid interface, and that, at least up to a current 
density of the order of 0-5 amp. per sq. in., no gas is 
evolved as bubbles which rise through the electrolyte 
in the usual way. Under certain conditions similar 
effects have been observed at carbon cathodes during 
the electrolysis of KF.2HF. This observation has 
not been previously reported. 

It is suggested that the observed effects are a 
consequence of a wetting angle at the electrode — 
electrolyte interface greater than 90°. It is possible 
that a relation exists between the actual value of 
the wetting angle and the maximum current density 
at which the effect can be observed. Liberation of 
gas at such an interface must result in the formation 
of flattened or lenticular bubbles. Méller* and 
Frumkin and Kabanov‘ have reported such bubbles 
on horizontal surfaces. When, however, lenticular 
bubbles are formed at vertical solid surfaces, the 
mechanism of gas escape may become quite different 
from that observed when the liquid makes with the 
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solid a contact angle of less than 90°. In such cir. 
cumstances, any tendency for bubbles to break away 
from the solid (electrode) surface is reduced and 
transfer of gas to the surface takes place by a process 
of coalescence and passing on of gas from bubble to 
bubble, or by slipping of bubbles up the electrode 
surface. Microscopic examination of the discharge 
of fluorine at a carbon surface, when KF.2HF jg 
electrolysed in a ‘Perspex’ or polystyrene container, 
has confirmed the correctness of this explanation. 
Many attempts have been made to provide an 
adequate explanation of the so-called ‘anode effect’ 
which commonly occurs in fused salt electrolysis’, 
So recently as 1944, Koehler* attributes to v. Warten. 
berg’ the credit for having established the true 
nature of the phenomenon; but the literature of 
the subject shows many inconsistencies and no really 
satisfactory theory has so far been suggested. ’ 
We suggest that the anode effect may well represent 
& special and extreme case of the conditions to which 
reference is made above, in which event it. should be 
possible to study the anode effect from a new point 
of view. 
A. J. Rupce 
W. N. Hower. 
H. Hr 
Imperial Chemical Industries, Ltd., 
Runcorn Laboratory, Cheshire. 
July 1. 
* Fredenhagen and Krefft, Z. Electrochem., 35, 670 (1929). 
* Cady, Rogers and Carlson, J. Ind. Eng. Chem., 84, 443 (1942). 
* Miller, Z. phys. Chem., 65, 226 (1908). 
* Frumkin and Kabanov, Z. phys. Chem., 165, 433 (1933). 
* Taylor, Trans. Electrochem. Soc., 67, 301 (1925). 


* Koehler, “Principles and Applications of Electrochemistry” (J. 
Wiley and Sons, 1944). 


*v. Wartenberg, Z. Blectrochem., 38, 330 (1926). 


A New Human Iso-Agglutinin Subdividin 
the MN Blood Groups : 


THe serum of a puerperal patient, whose fifth 
pregnancy resulted in the birth of a macerated 
cedematous fcetus, has been found to contain a 
previously unidentified agglutinin for human red 
cells. The patient’s blood was group A MN Rh 
negative (ede/cde), and her husbatd’s blood group 
A M Rh, (CDe/CDe). In addition to the new agglutinin 
the serum contained an incomplete anti-D antibody. 

Positive agglutination reactions were obtained with 
the bloods of 123 (48-6 per cent) in a total of 253 
individuals selected at random from a sample of the 
Australian population. There was no relationship 
to the ABO or Rh groups, and the percentage of 
positive reactions obtained made an association with 
the P, Lutheran, Kell and Lewis groups unlikely. 
An association with these groups was excluded when 
direct comparisons were made at the Medical Research 
Council Blood Group Research Unit, London, where a 
relationship to the MN groups was discovered. 

Tests on a further 140 subjects confirmed this 
relationship, as is shown by the following results : 

Results M MN ¥ Total 
Positive 20 40 13 83 
Negative 3 27 21 57 
Total 39 67 34 140 
Of the M bloods tested 77 per cent gave positive 
reactions, whereas only 38 per cent of the N bloods 
were agglutinated. This finding is significant, x' 
equalling 11-2 for one degree of freedom. 

The agglutinin acted most strongly at 37° C., but 

was also active at lower temperatures. No dosage 
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effect was observed, and the Coombs test (with rabbit 
anti-human serum) was negative when barely agglut- 
inating doses of the serum were mixed with Rh’, 
Rh” and Rh negative cells which were agglutinated 
by undiluted serum. In this respect the antibody 
resembles the a, 8 and Lewis agglutinins but differs 
from the Rh agglutinins. 

A full account of our investigations will be pub- 
lished in Australia. ae! 

CARMEL M. MONTGOMERY 

Red Cross Blood Transfusion Service, 
Sydney. July 29. 





Subdivisions of the MN Blood Groups in Man 


A SAMPLE of the unique serum described in the 

ing letter was kindly sent to us by Dr. Walsh 

and Miss Montgomery. We found that the antibody 

was not connected with the ABO, Rh, P, Lutheran, 

Kell or Lewis systems, but that it did subdivide the 
MN blood groups. 

The donor of the serum is group MN and her red 
cells are not agglutinated by her own serum. The 
agglutinin is active at 37° C., and at lower tempera- 
tures. 

One hundred and ninety unselected English bloods 
have been tested for agglutination by this serum, 
with the following results : 





M MN N Total 
= + _ + - | 
36 14 57 38 15 30 | 190 
19% .7% | 30% 20% | 8% 16% | 100% 
Inter- MSMS MM MSN MN NSNS NN 
pretation MSM Ms xg NSN 


+ = agglutinated by the new serum. 
— = not agglutinated. 

It is clear that the antigen identified by the new 
antibody is not independent of the MN system; 
for of the M containing bloods 93 are positive and 
52 negative, while of the non-M containing bloods 
15 are positive and 30 are negative (x* = 13 for 
1 d.f.). 

These results can be explained on the supposition 
that there are four allelomorphs at the MN locus, 
M, MS, N and NS; MS and NS being positive and 
M and N negative in respect of the new antibody. 
We may picture S as being a change, or mutation, 
that has happened to some M and to some N genes, 
rendering the resulting red cells agglutinable by the 
new antibody. 

On the other hand, there is no proof that S is not 
a gene closely linked to the MN locus; such a gene 
would presumably have an allelomorph not S (or ). 
If a serum anti-not S (or anti-s) is found, the latter 
explanation will then be the more probable, and the 
situation will be similar to that of the C, D and EZ 
antigens of the Rh system. 

If this is an example of linkage, the genes must be 
close together, otherwise crossing-over would presum- 
ably have resulted in equal frequencies of S in M 
and N chromosomes. 

Whatever the true interpretation may be, the gene 
frequencies of the forms M, MS, N and NS can be 
calculated from the above data, and Prof. R. A. 
Fisher has very kindly applied his maximum likeli- 
hood method for Rh gene frequencies' with the 
following results : 


M «= 0-262671 
MS = 0°250487 
N = 0°3094701 
NS = 0-092121 
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From these gene frequencies the expected genotype 
frequencies are calculated. 





Expected Observed x 
wee 36-9236 36 0-02310 
MM 13-1093 14 0-06052 
MSN 
MS.NS 55-5351 * 57 0-03864 
es 
MN 39-3991 38  0-04970 
vez. 15-4300 15 0-01198 
NN 29-6029 30  0-00533 
190 0000 190 018927 
4.f2, 
p=09 


It will be seen from the table that the agreement 
between the expected and the observed numbers is 
very close. 

A fuller account of this work will be published 
elsewhere and will include the results of family 
investigations which further support our interpreta- 
tion; for example, a family has been found of the 
type MS N x MM showing segregation of S with M, 
and one of the type M NS x NN showing segregation 
of 5 with N. Ruts SANGER 

R. R. Race 
Medical Research Council, 
Blood Group Research Unit, 
Lister Institute of Preventive Medicine, 
London, 8.W.1. Aug. 5 
"Fisher, R. A., Ann. Eugen., 18, 150 (1946). 





The Blood Groups of the Basques 


Tue linguistic uniqueness of the Basque people 
and their physical resemblance to some of the late 
palzolithic inhabitants of Europe have long been 
known. As Boyd and Boyd' have shown for the 
Spanish Basques and as Vallois* has shown for 
for French populations with a large Basque element, 
they have a high frequency of group O persons. In 
this they resemble the Icelanders, the Scots, the 
Irish, the northern Welsh and the Sardinians. They 
differ from these and from all the other peoples of 
Europe yet examined in their very low frequency 
for the B gene. The facts so far cited tend to show 
that the Basques are a relict population which at 
least in Spain has suffered no significant admixture 
of elements akin to the general western European 
population. It remains to be determined whether, on 
the other hand, a race akin to the Basques forms a 
significant element in the population of western Europe. 

In spite of considerable variations in the frequencies 
of the ABO blood groups, the frequency of Rh- 
negative persons scarcely varies from 16 per cent in 
any large western European population yet exam- 
ined. In Fisher’s* terminology Rh-negatives are 
homozygous dd; the frequency of the d gene is thus 
+/0-16, or 40 per cent, and that of its allelomorph, D, 
60 per cent. Most non-European populations are 
almost exclusively Rh-positive, and until recently no 
population was known anywhere with an Rh-negative 
frequency much above 16 per cent. 

As Haldane‘ and Wiener® have pointed out, every 
infant that dies of hemolytic disease due to the 
common type of Rh-incompatibility is heterozygous 
Dd, and such deaths destroy equal numbers of D 
and d genes; thus the rarer of the two genes will 
in time be eliminated. The present Rh ratio in 
western Europe is thus an unstable one, and one is 
led to postulate a mixing of populations predom- 
inantly Rh-positive and Rh-negative respectively 
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within the last few thousand years. Even if, as 
Fisher et al.* suggest, a compensatory mechanism is 
at work, such a mixing is not unlikely. 

So far as is known, all the peoples of Asia and 
North Africa have very high Rh-positive frequencies, 
but until recently no source for the hypothetical 
Rh-negative element could be found. IBtcheverry’ 
has now published the results of Rh tests on 128 
persons of Basque descent living in the Argentine, 
of whom 33-6 per cent are Rh-negative. If tests on 
larger numbers of subjects bear out this remarkable 
observation it will be highly probable that the d gene 
in Europe is mainly derived from ancestors akin to 
the modern Basques. An examination of the full Rh 
genotypes and other blood group antigens of as many 
Basques as possible is much to be desired, and steps 
are being taken to secure the necessary specimens. 
There are likely, however, to be many hindrances 
and delays, and I do not wish to discourage any 
other investigator from working on the same lines. 

Note added in proof: Since the above was written, 
Dr. M. A. Etcheverry has kindly sent me an extract 
from his book, “Transfusion sanguinea’, p. 113 
(Buenos Aires, in the press) and a copy of his paper 
“El factor Rh en personas de ascendencia ibérica et 
italica, residentes en Argentina”, Semana medica (in 
the press). In these works he gives further statistics 
increasing the total number of Basques examined to 
250 with 35-6 per cent of Rh-negatives. He also puts 
forward the suggestion that the Basques are the 
present-day representatives of the racial group from 
which the Rh-negative or d factor in the population 
of Europe is derived. 

A. E. Mourant 
Ministry of Health, 

Blood Group Reference Laboratory, 

Lister Institute of Preventive Medicine, 
London, 8.W.1. Aug. 8. 
* Boyd, W.C., and Boyd, L. G., Amer. J. Phys. Anthrop., 23, 49 (1937). 
* Vallois, H. V., Bull. Soc. Anthrop., 5, 9th Ser., 53 (1944). 
* Fisher, R. A., personal communication cited by Race, R. R., Nature, 
153, 771 (1944). 

* Haldane, J. B. 8., Ann. Eugen., 11, 333 (1942). 
* Wiener, A. 8., Science, 96, 407 (1942). 
* Fisher, R. A., Race, R. R., and Taylor, G. L., Nature, 153, 106 (1944). 
’ Etcheverry, M. A., Déia méd., 17, 1237 (1945). 


Source of the Hydrogen lons Produced by 
Gastric Mucosa 


Conway and Brady' have claimed to show two 
statements made by Davies, Longmuir and Crane* 
““. . . to be incorrect, as indicated in the accompany- 
ing cyclical scheme”. These statements were (1) 
“. .. 80 Conway’s statement that ...a cyclical 
process* could give a Qxci far higher than Qo, is not 
justified” ; and (2) “These facts rule out theories 
dependent upon the production of hydrogen ions 
by the fermentation or oxidative degradation of any 
carbon compound”’. 

A critical analysis of their new cyclical scheme! 
shows that the overall reaction is really 


H+ 
H,O a —_;. 
“ 
OH- 
which is exactly that put forward by ourselves*-‘, 
It is unfortunate that Conway and Brady in their 
present scheme' have not made it clear that H,O 


is utilized between stages 2 and 3 and not between 
stages 5 and 6, that the hydrogen ions which are 


HCO,-, 
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secreted come initially from the hydrogen atoms jn 
water, and that the rate at which they are formed js 
not limited by the rate of production of orvanic 
acids from glucose or other precursor during their 
oxidative degradation, as previously postulated by 
Conway, Fitzgerald and Walls* and disproved by our 
experimental evidence’. 
The first mention of the cyclical scheme’ seemed 
to put it on the same plane as the statement’ that 
*“. . . the hydrogen ions from an organic acid may 
supplement those from carbonic acid”, which has 
already been refuted*. We are interested to see that 
in the fuller explanation of this scheme" part of our 
own mechanism has been incorporated though, since 
they have not presented any relevant experimental 
evidence, it seems premature for Conway and [rady 
to speculate on precisely how water is split by gastric 
mucosa to form hydrogen and hydroxy! ions. 
Their calculations' concerning the energy required 
per equivalent of hydrogen ion are irrelevant, since 
in this cyclical scheme, starting and finishing iso. 
thermally with a compound such as phosphog! ycer. 
aldehyde, the free-energy change for its oxidation and 
subsequent reduction must be zero. In any event, 
the calculations are based on a relation between 
oxidant and reductant arrived at by speculation. 
The energy required is that needed for the funda. 
mental reactions of the water to proceed, and this 
and considerations of the efficiency relations of 
gastric mucosa will be discussed elsewhere. 
R. E. DAvrtes 
N. M. Lonemurr 
E. E. Crane 
Medical Research Council, 
Unit for Research in Cell Metabolism, 
Department of Biochemistry, 
University, Sheffield. 

‘Conway, E. J., and Brady, T., Nature, 159, 876 (1947). 

. bone, P- E., Longmuir, N. M., and Crane, E. E., Nature, 159, 468 

* Conway, E. J., and Brady, T., Nature, 159, 137 (1947). 

‘Crane, E. E., Davies, R. E., and Longmuir, N. M., Biochem. J., 4, 

Proce. xxxvi (1946). 
* Conway, E. J., Fitzgerald, O., and Walls, D., Nature, 156, 477 /: 945). 





In reply to Davies et al., we may say that it has 
been definitely shown that their two statements 
quoted by us were erroneous. In the cycle, which 
explains the high Qyci, the hydrogen ions appearing 
in the gastric secretion do not originate in the splitting 
of water, but from the ionization of phosphoglyceric 
acid, produced by the fermentation of phospho- 
glyceraldehyde. 

They proceed to summarize our cycle in an overall 
reaction which is misleading, and, in fact, inaccurate. 

In the short space of a letter, we found it con- 
venient to represent bicarbonate formation (con- 
ventionally described as an alkalinity) as arising from 
the neutralization of hydroxyl ions by carbonic acid. 
Since much emphasis is given to this by Davies et al., 
a fuller treatment would show that neutralization of 
hydroxyl ions formed by the ionization of water 
molecules would not occur beyond a slight initial 
stage. In a steady state with a steady pH value in 
the cellular region, the reaction 


H,O = H+ + OH-, 


with H,O and H?* ion concentrations fixed, involves 
no excess production of hydroxyl ions. 
reactions 
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cO, + H,O = H,CO, = H* + HCO, 
involve excess production of hydrogen ions, since the 
carbon dioxide tension of the blood (or the carbonic 
acid concentration in the decarboxylating regions of 
the cell) is not in equilibrium with the increased pH 
of the steady state in the cell. This excess production 
of hydrogen ions disappears in the following reactions : 


Ht — R.COOH, 
H,O + Ac. 


R.COO- + 
R.COOH + AcH, — R.CHO + 


Hydroxyl ions are therefore not formed by the 
splitting of water, as in the scheme of Davies et al.', 
and the true overall reaction is 

H,O + CO, H* + HCO,, 
as stated in a communication originally submitted to 
Nature, but curtailed at the request of the Editors. 

Even such an overall reaction tends to mislead, 
since it suggests that the hydrogen ions of the gastric 
secretion derive from carbonic acid. Also, it obscures 
certain changes of free energy. 

Two explanations were advanced* to account for 
the respiratory data of Davies et al. in relation to 
the production of hydrochloric acid. Either the 
hydrogen ions of organic acids formed under their 
experimental conditions supplement the available 
hydrogen ions for the gastric secretion, or a cyclical 
process occurs. They now assert that they have 
refuted the first. It could only be refuted by evidence 
showing that the total of organic acids appearing 
during the immersion, in excess of the normal content, 
is insufficient. The reference they quote gives no 
statement on this head. But we were in a position 
to expose the fallacy of their statement that the 
second view “is not justified’’. 

Also we have never stated that the hydrogen ions 
of the gastric juice come from the hydrogen atoms 
present in glucose or other precursor of organic acids. 
It was obvious to us and it is now evident to Davies 
et al. that the hydrogen ions formed in the ionization 
of glyceric, and hence lactic, pyruvic, acetic, succinic 
acids, etc., formed in the breakdown of glucose could 
be represented as coming from hydrogen atoms in 
the water. However, we considered this of little 
significance in the production of acidity in the gastric 
juice, or indeed anywhere in the body where lactic 
acid, ete., may form. When sulphur trioxide dissolves 
in water, the acidity comes from sulphuric acid and 
not from the water. We have never speculated, 
prematurely or otherwise, on the production of 
acidity by the ‘splitting’ of water. 

The assertion that the free energy change for the 
cycle ‘‘must be zero”? assumes a complete thermo- 
dynamical reversibility of the process and completely 
misses the point. We were dealing only with the 
energy utilization of the organic acid cycle per se. 
If this could be assumed as zero, then all the better 
for our argument. We indicated that other energy 
demands would exist, and surely this is obvious. 

Epwarp J. CONWAY 
Tuomas G. Brapy 
Department of Biochemistry, 
University College, 
Dublin. 
Davies, R. E., Longmuir, N. M., and Crane, B. 

468 (1947). 

*Coiway, E. J., and Brady, T. G., Nature, 159, 137 (1947). 
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Over-summering and Over-wintering of the 
Cereal Rust Fungi 


THE annual recurrence of cereal rusts has attracted 
much attention throughout the world on account of 
the great losses caused by them in the production of 
cereals. The infection of the alternate hosts and of 
the cereals has been attributed to many different 
causes none of which, upon examination, was found 
satisfactory in explaining the appearance of these 
rusts, at the beginning of spring, in Attica. , So the 
conclusion was reached that the rusts persisted by 
some means other than those hitherto proposed. 
Many spores and mycelia were suspected as having 
a connexion with the rusts, especially those that 
fortuitously occurred with the rust pustules. Among 
the tests made, rust material of Puccinia graminis 
tritici and Puccinia triticina were kept from one 
season to the next for inoculation tests. Spores 
were scratched from the infected leaves and culms, 
the dust thus derived being a mixture of uredinio- 
spores and teliospores of both rusts, together with 
other fungus and host material. 

Such material, also severely infected leaves and 
culms, were kept from one rust season to the next 
under four different conditions of storage, where 
there was in each case a variation in the degree of 
moisture, but all were subject during summer and 
winter to the same variations in temperature. In- 
fections from spore material kept under all four con- 
ditions were positive. Uredinia and telia of stem rust 
and orange leaf rust were produced on a susceptible 
wheat variety Pusa both in young and advanced 
stages of development. 

Under all four conditions of storage, the material 
was fairly well decomposed, being infested during 
the year by various saprophytic fungi. Of the 
urediniospores only the walls still remained, and of the 
teliospores about 98 per cent were destroyed. The 
production of infections in the spring by such material 
indicates that the means by which the rusts are 
propagated have the ability to resist and survive. 
The results obtained lead to the conclusion that the 
cereal rusts in Attica propagate themselves by some 
means other than the usual urediniospores or telio- 
spores that remain in the rust pustules. In Nature, 
perhaps, after it is detached from the pustules, the 
rust remains also on the ground. As for the actual 
means of propagation it is rather difficult to say ; 
the inoculation material contains a multitude of 
irrelevant living fungus spores which make its 
recognitian difficult. 

P. D. CrrroPpovuLos 

Botanical Department, 

University of Athens, 

104 Solonos Street, 
Athens. 


Astacene in the Brown Trout 


XANTHOPHYLLS, and less frequently carotenes, 
have been identified in the skin of many species of 
fish, and are the usual pigments of the xanthophore 
cells'. The properties of these carotenoids, however, 
do not recommend them as the pigments of the red 
erythrophores, which are a prominent feature of the 
colour pattern of many Salmonide. Astacene was 
extracted from the skin of the goldfish and other 
species by Lederer*, and would seem a more probable 
substance for the erythrophores. I have made 
repeated analyses of portions of the skin and fins of 










































































































508 


wild trout, Salmo trutta, which have yielded two 
tyr: of carotenoid, both of them present in the 
tissues as esters. One exhibits after saponification the 
properties of a dihydroxy-carotenoid or xanthophyll, 
with absorption maxima about 475 mu and 447 mu 
in hexane, and at » bout 512 mu, 475 mu and 450 mu 
in carbon disulphide. It is indistinguishable on a 
mixed chromatograph from a standard solution of 
lutein, but probably consists of a mixture of lutein 
with a small proportion of its isomer zeaxanthin. 
The other carotenoid possesses acidic properties. 
It remains in the alcoholic saponification residue 
after the xanthophyll fraction has been removed, and 
is itself extracted therefrom by petroleum after 
acidification. Crude extracts show a single broad 
maximum about 475 my in hexane and about 490— 
495 mu in pyridine; but after purification by ad- 
sorption on columns of magnesium oxide or alumina 
two or three times, the absorption maximum in 
pyridine is at 499 mu. Small amounts of deep purple 
crystals were obtained, which were insoluble in 
hexane, slightly soluble in methyl alcohol but dis- 
solved easily in pyridine. These properties serve to 
identify the pigment as astacene, and since this 
substance is now generally regarded as a reaction 
product of astaxanthin, the skin pigment is presum- 
ably an ester of the latter. 

Evidence has been obtained to link astaxanthin 
specifically with the erythrophores. Portions of skin 
cut to exclude the red spots yield lutein in concentra- 
tions of 80-120 y per gm., but negligible amounts 
of astacene; while the red tips of adipose fins and 
portions of red skin spots yield beth lutein and astacene 
in astonishingly high concentrations, up to 300 y of 
lutein per gm. and 1,600 y of astacene per gm. These 
findings are in harmony with those obtained by 
examination of frozen sections of fresh tissue. 
Xanthophores are distributed more or less uniformly 
throughout the whole skin in both the superficial and 
deep layers of the dermis. Erythrophores, however, 
are confined to the visibly red regions, where they 
occur in the superficial layer of the dermis in such 
large numbers that it is difficult to distinguish 
individual cells. It has not proved possible to decide 
whether the erythrophores contain both lutein and 
astaxanthin, or whether the two carotenoids are each 
identified solely with a single type of chromatophore, 
lutein in the xanthophores and astaxanthin in the 
erythrophores. The latter hypothesis is attractive, 
but rests on the perhaps overbold assumption that 
the large amounts of lutein extracted from the red 
regions of the skin must be contained in xanthophores 
rendered invisible by the much larger number of 
erythrophores. 

The muscles of many trout are also pigmented, all 
gradations of colour from pale yellow to rich pink 
being found. The most highly pigmented yield both 
lutein and astacene in concentrations up to 3-5y 
per gm. and 32y per gm. respectively. In contrast 
to its condition in the skin, lutein of muscle is the free 
alcohol. The astacene appears in every way identical 
with that of the skjn, and it seems reasonable to 
suppose that the descriptions of salmic acid as the 
pigment of salmon muscle’ were, in fact, of crude 
extracts of astaxanthin. The carotenoids of muscle, 
unlike those of skin, are not concentrated in special 
cells but seem to be dispersed in the lipoid of the 
whole tissue. Frozen sections 20-25 thick appear 


unpigmented, but the oil droplets which are expressed 
from them on squeezing or maceration have a pink 
tinge. 
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No astacene has been detected in any other tissue, 
except the ova. The liver contains carotenes, 
xanthophylls and vitamin A, but no astacen 

D. M. Steven 





Department of Zoology, 
University of Edinburgh. 
July 21. 
* Lénnberg, E., Ark. Zool., A, 23, 1 (1932). 
* Lederer, E., Bull. Soc. chim. Biol., 20, 554 (1938). 
* Emmerie, A., a al., Acta brev. Neerl., 4 139 (1934). 


‘Mimicry’ in Fishes 

THE extremely interesting case of ‘mimic: in 
fishes, described in Nature of July 26, p. 120, calls 
for comment. If this is a case of Batesian (pseud- 
aposematic) mimicry there should be some suggestion 
that the numerous Haplochromis and Tilapia are 
relatively distasteful to predators, but nothing is said 
of this. 

Although there is no evidence that Corematodus 
feeds especially on the scales from the tails of 
species which it resembles, Dr. Trewavas. rather 
hints that this may be so, which brings the case 
into the class of ‘aggressive mimicry’ or pseud- 
episematic resemblance. A species is able to approach 
its prey, or capture it, because it appears to be one 
of them. It is a pity that Poulton, who devised the 
classification (‘““The Colours of Animals’”’ (1890), table 
at end), used the word ‘mimicry’ in this sense, for 
the principle involved is slightly different. 

There is, however, another possible explanation 
for this resemblance among the fishes, depending 
upon the principle of safety in numbers. A single 
individual in an immense number of creatures with 
one type of coloration, such as a shoal of fish, has 
a chance of survival which is greater the larger the 
number of its associates. A predator devours x-num- 
ber of prey of any particular pattern, and this 
principle, among relatively distasteful species, leads to 
synaposematic or Miillerian resemblance. But the 
principle might apply even to comparatively edibl: 
species, if in great numbers. A mixture of 1,000 A 
+ 1B confers relative safety upon the singleton 
in the crowd. 

There are certain African butterflies, species of 
Euphedra and Euryphene, with similar coloration, 
and for some time my friend, Mr. T. H. E. Jackson 
of Kitala, Kenya Colony, has been urging me to 
accept an explanation of their resemblance. It cannot 
be considered a case of Batesian mimicry, for the 
large Euphedra have none of the characters of 
aposematic models, nor have they the toughness of 
integument and serrated anterior margin to the front 
wings, which make it possible to accept the larger 
species of their allies, Charares, as models for the 
smaller and weaker species. Mr. Jackson suggests 
that the question of numbers is important, and writes, 
“There is a limit to what predators can eat in any 
given population”. Thus, Zuryphene gains by re- 
sembling abundant Huphedra, because only a certain 
number will be destroyed out of the joint population. 

Just as with Miillerian (synaposematic) resemblance, 
there is no obvious limit to the number of species 
that may share the appearance, but in the case of 
Euphedra and Euryphene distastefulness is not 
involved. 

This explanation of resemblance by a simple 
numerical principle may be of wide application ; for 
example, the innumerable black and yellow Syrphid 
flies, which have never been claimed to be relatively 
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distasteful, and are often not really good mimics of 
wasps. They may merely be black-and-yellow- 
panded individuals helping to swell the numbers of 
specimens with this coloration. A predator eats a 
certain number and others escape, and if the latter 
are of many different species each species will 
benefit. New terminology is required, and on con- 
sultation Prof. L. W. Grensted has suggested the 
following: an ‘ochlotic’ species is one adapted for 
living in a crowd: it is an example of ‘ochlosis’, and 
is ‘ochlo-chromatiec’ in coloration (oyAo¢g = a crowd). 
G. D. HALE CARPENTER 





University Museum, 
Oxford. 


I THINK there can be no advantage to Corematodus 
shirana in resembling Tiiapia, other than the ability 
to approach its victims without being recognized. 

The species of Tilapia and Haplochromis are all 
edible and are preyed upon by fishes, birds and man, 
and presumably by crocodiles. Far from protecting 
itself by joining shoals of Tilapia, Corematodus would 
thereby expose itself to the particular attentions of 
man, and to any predator to which a shoal is more 
obvious than a solitary fish. Tilapia squamipinnis 
and its allies are plankton feeders, without any de- 
fensive equipment except the spinous fin-rays, which 
are also present in Corematodus. 

ETHELWYNN TREWAVAS 

British Museum (Natural History), 

London, S.W.7. 


Abnormal Reproduction in Woodlice 


UnpEeR this heading I recorded in 1943! an 
instance where, without incubating in the brood 
pouch, a female specimen of Armadillidium nasatum, 
Budde-Lund produced a bunch of forty to forty-five 
eggs which duly hatched and produced normal young. 
Later, another female of the same species produced 
twenty eggs in a like manner, all of which duly 
hatched. 

Later*, I observed the same phenomenon to occur 
in Armadillidium vulgare (Latr.) when thirty-six eggs 
were deposited, but in this instance none hatched. 

I have now a further case to record. On June 25, 
1947, I received from Dr. Hamilton E. Quick a small 
collection 6f woodlice containing six specimens of 
Armadillidium vulgare, var. nigra, Clige. There were 
two males and four females. I isolated the females, 
placing them in a Petri dish. On June 26 I noticed 
in the dish thirty-six rather small eggs scattered 
among the moss and leaves, and on July 3 most of 
these hatched out and died on the following day. 

There were no signs of oostegites in the females 
in any of these cases. 

WALTER E. COLLINGE 
The Hollies, 141 Fulford Road, 
York. 
"N. West Nat., 147, 148 (1943). 
*N. West Nat., 7, 8 (1945). 


Analytical Solution of a Four-cusped Wake 


In his letter in Nature of May 10, Dr. R. V. 
Southwell discusses the question of finite wakes in 
the two-dimensional motion of an inviscid fluid. 
Solutions exhibiting a wake of cuspidal form had 
been obtained by Miss Vaisey using relaxation 
methods; and Sir Geoffrey Taylor had remarked 
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that these methods (since they employ a finite mesh) 
could not rigorously establish the existence of such 
forms, in that they can never dispose of the possi- 
bility that a ‘splash’ occurs at what has been assumed 
to be a cuspidal junction. The size of the mesh used 
in the relaxation process can be made very small, 
but it must always remain finite, and within that 
finite interval some disturbance may remain unde- 
tected. Dr. Southwell expressed his hope of finding 
some exact analytical solution exemplifying a closed 
wake with a cuspidal junction. 

His letter encouraged me to look for such a solu- 
tion, and the purpose of this communication is to 
report the discovery of an example which, by virtue 
of its symmetry, contains a four-cusped wake. 


| 


The example, of which details will be given else- 
where, is simply that of two equal and opposite 
streams approaching one another; each bifurcates 
symmetrically on meeting, and they depart at right 
angles to their original direction after pairing off 
their two halves. At the junction is included a four- 
cusped wake which may be of any size, or, in the 
limit, may reduce to a stagnation point. Writing 


tC = (I/g) exp 10 and w=o + iy, 
where q is the velocity of flow at a point and 6 the 
inclination of its direction, 9 is the velocity-potential 
and y the stream-function, it can be shown that the 
relations determining the flow pattern are 


w (d/x) log { (1 - t)/(1 — t)} 
t sn { (4Ki/r) log — K}. 
The intrinsic equation to the part of the wake 


boundary AB, in the positive quadrant, has been 
found to be 


ds 8dkK vo 
d6 = — “aig sn(4K0/n), 
where 
4K ] 7 
= log -* it 


2d is the asymptotic width of each stream, 4K is the 
real and 2iK’ the imaginary period of Jacobi’s elliptic 
function sn(u,k). 
D. N. DE G. ALLEN 
Imperial College of Science and Technology, 
London, S.W.7. 
June 4. 
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LEAF HETEROMORPHISM AND 
PHOTOPERIODS IN SESAMUM 
ORIENTALE L. 

By Pror. J. C. SEN GUPTA 


AND 
SANTOSH KUMAR PAYNE 
Botanical Laboratory, Presidency College,’ Calcutta 


N connexion with an investigation on the photo- 

periodic effect in Sesamum orientale L. (I.P. 7 and 
I.P. 29) in relation to the variations of the environ- 
mental factors of the four seasons: winter (sown on 
January 1), summer (sown on April 1), monsoon 
(sown on July 4) and autumn (sown on October 1), 
it was found that the leaf-forms in both the varieties 
were extremely variable. The lower leaves are 
generally ovate lanceolate, and with the onset of 
flower buds linear lanceolate leaves were produced in 
addition to a large number of leaves of different 
shapes with serration and various degrees of split 
margins depending upon the sowing time and different 
photoperiods. The variation of leaves was a promin- 
ent feature in plants growing in long photoperiods 
(14 hr.), but was not observed in plants growing 
in short photoperiods (10 hr.). The control plants of 
the monsoon sowing exposed to the long photo- 
periods of Nature (13 hr. 9 min. to 11 hr. 55 min.) 
also showed clear variations. 

Records of leaf-forms we-e kept for all the plants 
of the different photoperiods of 10-16 hr. in the 
sowing of October 1. The leaves that were more 
than 4 cm. in length were all taken into account; the 
cotyledonary leaves were excluded. The counting 
was done on the 60th day after sowing. A record 
was also kept for the forms of leaves that died before 
that date. The readings were taken for each plant 
separately and the results presented as the mean of 
total number of plants (20 plants; 5 pots with 4 


| Linear Ovate Ovate 
Light period | lanceolate lanceolate | lanceolate Ovate 
| entire entire serrate entire 
I.P.29 
10 hr 6-29 1-72 4-61 
Control 
11 hr. 56 min. to | 
10 hr. 51 min. 7°54 27 6-67 
12 hr. 6°45 1-30 0-30 6-10 
13 hr 5-00 1°50 0-68 | 4-00 
14 hr | 26 230 | 41:3 | 5-05 
15 hr 2-10 1-65 | 0-40 | 4°80 
16 hr. 2-5 1-00 2-90 4-00 
I.P.7 
10 hr 7°39 | 3:11 
Control 7°35 2-25 
12 hr. 7°05 3°10 
13 hr. 5 i? 2-77 0-15 
14 hr. 3-44 | 2-38 0-25 
15 hr. | 4°45 2-00 0-40 
16 hr. 4-19 3-00 0°38 





plants each) in each treatment under the following 
forms of leaves: (a) linear lanceolate entire, (b) 
ovate lanceolate entire, (c) ovate lanceolate serrate, 
(d) ovate entire, (e) ovate serrate, (f) ‘fid’ where 
splitting of margin reached less than half the lamina, 
(g) ‘partite’ where splitting of margin reached half 
the breadth of the lamina, (h) ‘sect’ where splitting 
reached the petiole or the midrib, giving the appear- 
ance of trifoliate or very rarely pentafoliate compound 


leaves. Assuming that the entire leaves are normal 


in Sesamum, the proportion of serrate and divided 
leaves to 


the total number of leaves in different 
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photoperiods will give an idea of the degree of 
variation due to different photoperiods. [If this 
ratio between the serrate plus the different types of 
divided leaves to the total number of leaves 


* : . ° 
Leaves with non-entire margins 
Leaves with non-entire margins + with entire margins 





is described as the ‘leaf heteromorphism index’, 
the indices for the two types of Sesamum at the 
different photoperiods, together with the mean 
numbers of the different forms of leaves for the 
different treatments, are given in the accompanying 
table. 


| | l 





Ovate Fid Partite Sect | Total Leaf het 
serrate | index 
12-62 0-0 
| 
| | 
| | 15-48 0-0 
1-05 | | 15-20 0-09 
3-45 0-26 | 1-05 0°53 16°47 | 0°36 
4-50 0-00 0-30 0°25 16-30 0-39 
5-65 0°45 0-55 0-50 16-10 0-4 
4°15 0-75 0-90 1-50 17-70 0-58 
16-22 0-00 
0-17 | 16-02 0-00 
0-20 j | | 16-65 0-00 
2-31 15°61 0-2 
3°38 | | 15°51 0°23 
3-90 0-10 0°25 0-05 | 17-05 0-26 
4°56 0-19 19°83 0-32 


088 | 0-38 


The number of the different forms of leaves and 
leaf heteromorphism indices in the different light 
periods clearly shows that the proportion of serrate 
and divided leaves increases with increasing light 
periods in both the varieties and that for a particular 
light period the leaf heteromorphism is higher in 
I.P. 29 than in J.P. 7. In the other sowings also the 
plants receiving a 14-hr. light period produced larger 
and more variable leaf forms than the control, and 
heteromorphism of leaf was not evident in plants 
of short light period treatments (10 hr.) of all the 
sowings. 
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THE CHEMISTRY AND RHEOLOGY 
OF CLAY 


HE Rheological Club and the South-Western 

Branch of the Chemical Society jointly held a 
meeting on the above subject at University College, 
Exeter, on May 16, and visited china clay works 
and the Research Laboratory of English Clays 
Lovering Pochin and Co., Ltd., in St. Austell, on 
the following day. 

In an introductory talk, Dr. G. Nagelschmidt 
pointed out that clays are important in many branches 
of pure and applied science. In geology, geochemistry, 
pedology, agricultural chemistry and soil mechanics 
clays are studied with emphasis on different pro- 
yerties according to the branch of science concerned. 
Clays are the raw materials in the manufacture of 
ceramics and refractories, bricks and cement ; certain 
days are used for their adsorbing or bonding pro- 
perties or as catalysts, other clays are used as fillers 
in a large variety of materials. 

Chemistry and microscopy supplied the chief 
methods of studying clays in the laboratory during 
the nineteenth and early twentieth century, when 
rational and thermal analysis and measuring base 
exchange capacities were developed in addition to 
bulk chemical analysis. But these methods failed 
often to account for differences in more complex 
properties, and clay research did not develop satis- 
factorily until a new technique—crystal structure 
analysis by X-rays—had been developed and applied 
to other silicates. 

The atomic arrangements of clay minerals follow 
the general rules for silicate structures developed by 
W. L. Bragg. They are based on hexagonal nets of 
silicon—oxygen tetrahedra, which are condensed with 
nets of similar mesh-size of aluminium, magnesium 
or iron hydroxide octahedra. Condensation of one 
of each leads to the arrangement in the kaolin group. 
Recent work by Brindley and others has shown that 
kaolinite is triclinic and strictly periodic in three 
dimensions, but that in halloysite there is random 
arrangement of the structural units AI,Si,O,(OH), 
along a and b; in fact, the layers are parallel and 
equidistant. In certain plastic sedimentary clays 
of the kaolin type an intermediate structure with 
randomness only along 6 seems to occur. Electron 
micrographs were presented showing well-developed 
hexagonal plates with sharp corners for kaolinite, 
ill-defiried platelets for the plastic clay and lath- or 
rod-shapes for halloysite. 

Condensation of two tetrahedral layers with one 
octahedral one in between leads to the arrangement 
in the mica and montmorillonite groups. Isomorphous 
replacements occur widely in both, causing much 
variability in chemical composition, and, by intro- 
ducing a large negative charge, producing the high 
base-exchange capacity of the montmorillonite group. 
In this group there is, as in halloysite, random 
arrangement of the structural units which are 
separated by hexagonal water layers. 

Application of the new clay mineral technique has 
shown that most clays and soil colloids are mixtures 
of clay minerals, often with oxides, hydroxides and 
carbonates. The mineral composition often varies 
with grain size, and rheological data should be 
obtained on as well-defined monomineralic systems 
as possible. 

Dr. M. C. MacEwan next discussed adsorption 
effects on clays. Halloysite and montmorillonite both 
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are random structures similar to some organic poly- 
mers ; but they are planar rather than chain polymers, 
and therefore very useful for studying adsorp- 
tion, which takes place in montmorillonite between 
two oxygen sheets and in halloysite between one 
oxygen and one hydroxyl sheet. The adsorption of 
organic molecules by montmorillonite, first believed 
to be due to the base-holding capacity, takes place 
readily with glycerol, ethylene glycol and other polar 
molecules, and is a type of polar adsorption. In 
hydrated halloysite the distance of the layers—which 
can be accurately measured by X-ray diffraction— 
depends on the kind of organic molecule introduced. 
Thus the interlayer spacing decreases from 3-65 A. 
for ethanediamine to 3-05 A. for nitromethane. This 
indicates increasing strength of C—H—O hydrogen 
bonding. 

In montmorillonite, organic molecules can be 
arranged in thicknesses from one to three layers; 
thus propanol forms one, ethanol two and nitro- 
methane and acetonitrile form three layers. The 
valve seems in general to go parallel with the ratio 
of dipole moment to parachor. X-ray diffraction data 
may show many orders of the basal reflexion so that 
a one-dimensional Fourier distribution can be 
developed. This was shown for nitromethane. The 
energetic relations involved in the formation of such 
complexes were described, and illustrated by figures. 

In the following discussion, Dr. E. W. J. Mardles 
spoke on some properties of kaolin dispersed in non- 
aqueous media, and indicated by means of d/t (rate 
of shear/shearing force) diagrams how the con- 
sisténcy, yield value and thixotropy vary from 
liquid to liquid according to the dispersive power, 
which in turn appears to be closely associated with 
the degree of wetting of the kaolin by the liquid. 
In mixed liquids the properties of the clay systems 
vary in an interesting manner with change of com- 
position ; thus, the thixotropy and rate of flocculation 
of bentonite clay in water can be enhanced by the 
addition of 20 per cent by volume of alcohol, although 
the ethyl alcohol alone is a good dispersive agent. 
With the addition to a clay dispersion of a small 
amount of a soluble colloidal substance, such as, for 
example, a resin or cellulose derivative, the character 
of the clay dispersion changes in great measure to 
that of the colloid itself; evidence for this was pro- 
vided in the form of diagrams and models showing 
the sediment volumes of kaolin in binary and ternary 
mixtures of liquids, with and without the colloidal 
additions. He also mentioned a recent paper by N. J. 
Denissov and P. A. Rehbinder (C. R. Doklady. 
U.R.S.S., 54, 519; 1946) on the colloid-chemical 
nature of cohesion in argillaceous rocks, where the 
authors trace observed differences in rigidity and 
consolidation of naturally occurring clays to adsorbed 
layers of colloidal silicates on the clay particles. 

H. H. Macey next gave a paper on the rheological 
properties of clay, in which he limited his remarks 
to the plastic state. Two apparently incompatible 
theories of the structure of plastic clay have been 
advanced at various times in order to explain their 
rheological properties. One developed from the 
earlier theories of a rigid water film surrounding the 
clay particle, replacing it by a potential field between 
opposing clay surfaces, whereby those surfaces appear 
to repel one another. The second is that of a honey- 
comb structure, in which the clay particles are in 
contact at certain points. It is natural that the 
former should arise in the field of ceramics, where 
the clay is a dynamic material, and the latter in 
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agriculture, where it is more static. Neither theory 
is entirely satisfactory ; arguments can be advanced 
against both. On the whole, in Mr. Macey’s opinion, 
the former is to be preferred. It gives the more 
logical interpretation of rheological properties. 
Shear hardening, for example, is due to rearrange- 
ment of the particles into systems of smaller potential 
energy. Plastic clay is outstanding in that the 
greater the rate of shear, the greater the deformation 
before failure; and this can be explained by the 
hysteresis which is known to exist in the change of 
moisture-content with applied pressure between 
porous pistons. Differences in plastic properties 
become associated with differences in particle size, 
distribution and packing. 

Pictures were shown of drying cracks in extruded 
bricks and other ceramic materials, and illustrations 
given of the very great increase in plasticity or 
deformation before rupture which can be obtained in 
some clays by removing occluded air. 

In the following discussion Dr. G. Scott-Blair 
referred to earlier work on the effect of de-airing wet 
clay slips. Dr. L. N. O. Clark suggested that it might 
be possible to throw some light on the question of 
honeycomb structure by following a procedure 
worked out for the preparation of light magnesium 
oxide. In this a gel in water is taken at high pressure 
above the critical temperature, the water removed 
as gas and the solid but tenuous structure cooled. 
The liquid water is thus removed without a phase 
change, and the most delicate structure can be 
preserved. 

If the structure were held by electrical forces one 
would expect a relationship between its strength with 
the dielectric constant of the medium. 

Dr. Emédi gave arguments in favour of the honey- 
comb theory; but some of these arguments applied, 
as Dr. Treloar pointed out, to more dilute systems 
than to the plastic state. G.N. 





SELECTION FOR MANAGEMENT 


ie discussion on selection for management 
arranged by Section J (Psychology) of the British 
Association on August 29 fully conformed to 
the general theme of the Dundee meeting suggested 
by the Council of the Association. Essentially this 
discussion considered the methods of officer selection 
developed by the Services during the War, and the 
way in which the principles of such methods and 
the experience gained in using them, rather than the 
exact methods themselves, could be applied to the 
problem of selection for management. The magnitude 
of this problem has been emphasized in the recent 
Urwick Report on Education for Management. On 
the assumptions of that Report, some twelve thousand 
recruits are required annually to maintain the 
supply of half a million or so managers ; this obviously 
demands all the help which the comparatively small 
number of psychologists can afford. 

Dr. T. Ferguson Rodger’s admirable paper gave 
a very clear account of the development of methods 
of officer selection with which he was associated 
in the Army, and two of the six reasons he gave 
for the introduction of new techniques of selection 
in 1941 may have some bearing on the selection 
of managers. In industry as in O.T.C. units, morale 
may be affected by a high rate of rejection of 
candidates; while, just as in the Army the wide- 
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spread dissatisfaction with the system of short inter. 
views by a small board of senior officers made jt 
important to seek a method that would ensure that 
justice was manifestly done, so in industry it is no 
less important from the point of view of production 
and incentives that the selection of men for : 1anage. 
ment should be quite free from favouritism o, 
nepotism. Dr. Rodger emphasized here the iocessity 
of paying attention to the attitudes and projudices 
which are expressive of the cultural traditions of the 
institution or industry, and for this very reason the 
methods most effective for a particular Service such 
as the Army cannot be rigidly applied to another 
institution or another Service. 

With this warning Dr. Rodger described the 
methods ultimately adopted, bringing out clearly 
the way in which the technical officers, such as 
psychologists and psychiatrists, who were mem. 
bers of the selection boards, were used to produce 
the information in such a form that it could be 
weighed by others. Dr. Rodger directed particular 
attention to the importance of group discussion and 
of the principle of the leaderless group in which 
candidate might prove his ability to lead by actually 
taking command of a situation by common « t 

If Dr. Rodger indicated some of the limitations 
of the exact methods of selection used in the Army, 
Mr. A. Rodger brought out some further points 
which need to be considered in applying such 
experience in the field of industry or business, 
Emphasizing the fact that improvement of occupa. 
tional selection does not necessarily involve the use 
of elaborate modern techniques of assessment, he 
pointed out that the chief requirement is a reasonably 
clear notion of what we are trying to assess. The 
first question to be answered is, “Whiat are we 
looking for in these candidates ?”’ This would not be 
answered merely by composing lists of ‘qualities’ 
desired. It is usually more profitable to compile lists 
of ‘situations’ which have to be handled in the occupa- 
tion under review, and to consider each candidate's 
probable effectiveness in them in the light of relevant 
evidence collected from every available source. 

The process of selection, moreover, said Mr. 
Rodger, should .not be divorced from that of 
recruitment ; failure to throw up suitable candidates 
for promotion might well be due to failure to secure 
initially recruits of the proper quality. Again, if the 
psychologist is to assist in the selection of men for 
management, he must have more than superficial 
knowledge of the nature of the duties the candidate 
would be expected to perform. He must be fully 
informed not only about the general nature of such 
duties but more specifically of what may be termed 
the danger spots, or those situations in which trouble 
or difficulty in a particular occupation is specially 
liable to arise. A good selector is not himself necess- 
arily a good manager or administrator, but know- 
ledge of such problems or situations is far more 
important than lists of necessary qualities in judging 
the probable effectiveness of a candidate. Mr. 
Rodger also referred to the value of group dis- 
cussions among candidates themselves and, in urging 
that the interview should be treated seriously, 
observed that the important questions are not those 
which the selection board asks the candidate, but 
those that the members of the board would after. 
wards ask themselves about the candidate. 

These two papers put the whole discussion on 4 
firm practical basis, and in themselves showed how 
large a contribution psychology could make in this 
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important problem. There were no large claims : 
the responsibility for selection must lie fairly on the 
joulders of the employer. But by dispelling false 
ideas as to the necessity of elaborate techniques, the 
jiseussion showed how the psychologist could clarify 
yeas and simplify the process; thereby assisting in 
making the selection process acceptable to all con- 
wmed, because it filled the proviso that was all- 
important in the field of officer selection during the 
War—that so far as possible justice was done. 


AMERICAN AWARDS TO BRITISH 
MEN OF SCIENCE 


N Nature of May 17, p. 684, a list was given of 

awards of the Medal of Merit, the highest award 
made by the Government of the United States to a 
tivilian, to eight leading men of science in Britain, for 
services during the War. Recently thirty-two other 
British subjects received decorations for their work ; 
the list includes the following names of scientific 
men, with a brief statement indicating the grounds 
{the award : 


Medal of Freedom, with Silver Palm 

Dr. H. J. Gough, director-general of scientific 
research and development in the Ministry of Supply ; 

Prof. A. V. Hill, for exceptionally meritorious 
wrvice in the field of scientific research and develop- 
ment ; 

Sir Frank Smith, controller of telecommunications 
equipment in the Ministry of Aircraft Production and 
chairman of the Scientific Advisory Council of 
Ministry of Supply ; 

Dr. R. L. Smith-Rose, for scientific investigations 
which laid the groundwork for important develop- 
ments in the field of radio propagation. 


Medal of Freedom, with Bronze Palm 

Prof. J. D. Bernal (University of London), for 
meritorious service in’ the field of scientific research 
and development ; and in assessing bomb damage ; 

Dr. Henry G. Booker (University of Cambridge), 
head of the Mathematics Section at the Telecommuni- 
cations Research Establishment of the Ministry of 
Aircraft Production ; 

Mr. A. Lang Brown, Department of Scientific Re- 
search and Experiments (Admiralty), and secretary 
of the Admiralty Committee on Infra-Red Research ; 

Mr. S. J. Grose (Ministry of Supply), secretary of 
the British Counter Measures Board ; 

Dr. Hubert G. Hopkins (Radio Division, National 
Physical Laboratory), for meritorious service in the 
field of scientific research and development, working 
in the field of radio ; 

Dr. E. Talbot Paris, physicist in the Ministry of 
Supply, responsible for development of radar com- 
munications and other electronic equipment ; 

Dr. William J. Richards (Telecommunications 
Research Establishment), deputy director of scientific 
research in the Ministry of Aircraft Production, con- 
cerned with aerial warfare and guided missiles ; 

Mr. William Ross, for meritorious service as 
physicist in the field of radio and radar ; 

Mr. John M. C. Scott, physicist working on radio 
propagation, member of the Radar Research Develop- 
ment Establishment and secretary of the Ultra-Short 
Wave Propagation Panel of the Ministry of Supply. 
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Medal of Freedom 

Mr. W. G. Busbridge (Chemical Defence Experi: 
mental Station, Porton, Wilts), for meritorious service 
in the field_of scientific development, chemical war- 
fare ; 

Mr. W. J. Challens (Ministry of Supply), for 
important comprehensive investigations in relation 
to rockets ; 

Prof. C. N. Hinsheood (University of Oxford), 
for meritorious service in the field of scientific 
development and for successful research in gas-mask 
absorbents. 


Bronze Star Medal 

Captain B. R. 8. Dalton, in charge of orientation 
and training in photo interpretation, Photo Intellig- 
ence Centre, Military Intelligence Service, December 
1943-June 1944 ; 

Lieut.-Colonel H. F. Jones, for his work on the 
basic investigation and planning for new types of 
fuels for use in the British Army, September 1942- 
May 1945. 

Medal for Merit 

Dr. R. V. Jones (Department of Natural Philosophy, 
University of Aberdeen), for outstanding service to 
the United Nations during 1939—45 ; assistant director 
of intelligence (science) at the British Air Ministry. 


THE FACTUAL FILM 


‘HE second of four reports to be presented by 

the Dartington Hall Trustees on the Visual Arts, 
the Factual Film, Music and the Theatre has recently 
been published*. The work of the Arts Enquiry, 
which was established in 1941, the reports are designed 
to give an account of the place of these arts in the 
national life, their economic and administrative back- 
ground, their social importance and their value in 
general education. As the statement that ‘“‘the docu- 
mentary is Britain’s outstanding contribution to the 
film’’ may be regarded as one of fact rather than of 
opinion, it is only right that a study of the British 
documentary film should have been included in this 
series. 

Important as are the historical sections—and more 
especially those which trace the early development 
of documentary films under the direction of John 
Griersox. at the Empire Marketing Board and the 
General Post Office, the effect of war-time demands 
for films for training purposes, and the evolution of 
the educational film—chief interest centres around the 
comments, criticisms and recommendations which the 
authors have incorporated. The work of the Film 
Division of the Ministry of Information and the film 
activities of the British Council are assessed. The 
trivial content of many news-reels is criticized. The 
case for a more systematic preservation of films for 
record purposes 1s presented. The necessity for the 
training of teachers in the use of films is stressed. 
The activities of the British Film Institute are held 
to be unsatisfactory on account of weaknesses in its 
constitution, organisation and methods of finance— 
“though these cannot be held wholly responsible for 
the lack of initiative and drive characteristic of much 
of its work”’. ; 

It says much for both the foresight and insight of 
those responsible for this report that three of the four 


*The Factual Film: a Report published on behalf of the Arts 
eny by P.E.P. (Political and Economic Planning). Pp. 260. 
(Oxford University Press; Geoffrey Cumberlege, 1947.) 12s. 6d. net. 
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recommendations made—the continuance of the Film 
Division of the Ministry of Information, the develop- 
ment of an educational film policy by the Ministry 
of Education, and the establishment of a film depart- 
ment within the United Nations Educational, Scientific 
and Cultural Organisation—were accepted in prin- 
ciple in the interval between the completion of the 
text and the date of publication. The demand that 
the British Film Institute should be reconstituted is, 
perhaps, more controversial; but, in the light of 
conclusions reached in this report, there is much to 
be said in favour of an impartial investigation of its 
activities. 


FORTHCOMING EVENTS 


( Meetings marked with an asterisk * are open to the public) 
Saturday, October |! 


_ INSTITUTION OF CHEMICAL ENGINEERS, NORTH-WESTERN BRANCH 
(in the Reynolds Hall, College of Technology, Manchester), at 3 p.m.— 
Mr. 5. G. Terjesen: “Removal of Bacteria from Air by Filtration’’. 


Monday, October 13 


MANCHESTER LITERARY AND PHILOSOPHICAL Socrety (in the 
Reynolds Hall, College of pee eg Be = 1; eam at 5.30 p.m.— 
Dr. F. L. Rose: “New Anti-malaria 


Tuesday, October 14 

Baitise Society FoR INTERNATIONAL BIBLIOGRAPHY (at the 
Institution of Electrical Engineers, Savoy Place, Victoria Embank- 
ment, London, W.C.2), at 2.30 p.m.—Papers. 

ZooLtoeicaL Socigty oF LONDON (at Regent’s Park, London, 
N.W.8), at 5 p.m.—Scientifie Papers. 

INSTITUTION OF CHEMICAL ENGINEERS (at the Institution of Mech- 
anical Engineers, Storey’s Gate, St. James’s Park, London, 5.W.1), 
at 5.30 p.m.—Dr. R. V. Southwell, F.R.S.: “Relaxation Methods, a 
Mathematics for the Engineer’ (Sixth Hinchley Memorial Lecture). 

ILLUMINATING ENGINEERING Society (at the London School of 
Hygiene and Tropical Medicine, Keppel Street, London, W.C.1), at 
6 p.m.—Dr. J. W. T. Walsh: Presidential Address. 


Wednesday, October I5 


GEOLOGICAL SOCIETY OF <—~% I. fe House, Piccadilly, 
London, W.1), at 5 p.m.—Prof. Meinesz: “Major 
Tectonic Phenomena and the Hypothesis of Convection Currents in 
the Earth” (Third William Smith Lecture). 

INSTITUTION OF ELECTRICAL ENGINEERS, RADIO SECTION (at i | 

Place, Victoria Embankment, London, W.C.2), at 5.30 p.m.—Mr. C 
Strong: Inaugural Address as Chairman. 
_ SOCIETY OF CHEMICAL INDUSTRY, NEWCASTLE SECTION (joint meet- 
ing with the BRITISH RHEOLOGISTS’ CLUB and the OIL AND COLOUR 
CHEMISTS’ ASSOCIATION, in the Chemistry Lecture Theatre, King’s 
College, Newcastle-upon-Tyne), at 5.30 p.m.—Symposium on “Emul- 
sions, Dopes and 

MANCHESTER METALLURGICAL Society (at the Ts" —_, 
Albert Square, Manchester), at 6.30 p.m.—Dr. L. C. Banniste 

“Conduction of Electricity” (Presidential Address). 

BRITISH PSYCHOLOGICAL SocreTy, INDUSTRIAL SECTION (at the 
London School of + oe and Tropical Medicine, Keppel Street, 
London, W.C.1), at 7 —Mr. B. Ungerson : “Personnel tion in 
the British Army (o = “Ranks)”. 


Thursday, October 16 


_ INSTITUTION OF MINING AND MBTALLURGY (at the Geological 
Society, Burlington House, Piccadilly, London, W.1), at 5 p.m— 
Papers. 
LinngzaN Society OF LonpOoN (at Burlington House, Piccadilly, 
London, W.1), at 5 p.m.—Dr. E. M. Delf: “Utilization of Seaweeds” ; 
Burton: “Reproduction and Regeneration in the Sponge 


LONDON MATHEMATICAL Society (at B eatoctes House, Piccadilly, 
London, W.1), at 5 p.m.—Lecture by Prof. L. E. J. Brouwer. 

INSTITUTION OF ELECTRICAL ENGINEERS, 3141. SECTION 
(at Savoy Place, Victoria Embankment, London, W.C.2), at 5.30 p.m. 

Mr. R. H. Rawil: Inaugural Address as Chairman. 

TEXTILE INSTITUTE, LANCASHIRE SECTION (at 16 St. Mary’ 3 Parson- 
age, Manchester), at 6.30 p.m.—Mr. P. D. Vincent: “Statistical 
Studies of Labour Utilisation in Spinning’. 

CHEMICAL SoctgTy (joint meeting with the Local SzcTIONS of the 
ROYAL INSTITUTE OF CHEMISTRY and the SocieTy oF CHEMICAL 
INDUSTRY, at the North British Station Hotel, Edinburgh), at 7.30 p.m. 
—Prof. W. Wardlaw: “Modern Ideas of Valency”’. 

ROYAL Society OF TROPICAL MEDICINE AND HYGIENE (at Manson 
House, 26 Portland "vieon, London, W.1), at 7.30 p.m.—S8ir Philip 
Manson-Bahr : Practice of Tropical Medicine in London” 
"(Presidential iaarem). 


Friday, October !7 
UNIVERSITIES FEDERATION FOR ANIMAL WELFARE (in the Anatom 
Theatre, University College of London, Gower Street, London, W.C.1 i, 
at 5.15 p.m.—Dr. Harry R. Lillie: “Whaling To-day—the Searc! 
or a Humane Method of Killing” 


INSTITUTION OF ELECTRICAL ENGINEERS, MEASUREMENTS & 

(at . Sores big =" Victoria Embankment, London, W.C.2), at 5.: 
. Gall : Inaugural Address as Chairman 

ca ‘Sunes 4 oF CHEMISTRY, LONDON AND Soutu-Es 
CouNTIRS SECTION (at the Geological Society Burlington H 
Piccadilly, Londen, W.1), at 6 p.m.—Dr. A. W. “$e 
Applications of of Acetylenic Compounds in Organic pyathn (M 

Lecture). 

NoORTH-EAst COAST INSTITUTION OF ENGINEERS AND SHIPEvr 
(at the Literary and Philosophical Society, Newcastle-upon.‘T) 
6.15 p.m.—Annual General Meeting; Mr. H. B. Robin Ro 

ential Address. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments op 
before the dates ment. 

ASSISTANT LECTURER IN DYBING in the Bradford Technica! 
—The Director of Education, Town Hall, Bradford (October 18). 
JUNIOR ASSISTANT PHYSICIST . the Radiotherapy Centre, § 
thorpe—The Clerk, Lincolnshire Joint Cancer Committee, 

Offices, Lincoln (October 18). 

GRADUATE ASSISTANT IN THE DEPARTMENT OF BIOCHEMISTRY: 
‘lhe Administrator, Radcliffe _- tk Oxford (October 15), 

ASSISTANT LECTURER (male) IN AGRICULTU The Prine 
Yorkshire Institute of Agriculture, Askham Bryan, York (October 18)] 

LECTURER IN Puysics—The Principal, Chelsea Polytechnic, 
Road, London, 8.W.3 (October 18). 

RESPONSIBLE LECTURER IN DEPARTMENT OF ELECTRICAL ENGINEER. 
ING yt ENGINEERING MATHEMATICS, and a SENIOR ASSISTANT ip 
charge of DEPARTMENT OF GENERAL NCE AND RELATED MagveEE. 
MATICS—The Principal, Aston Technical College, Whitehead Road, 
—— 6 (October 18). 

IN ELECTRICAL ENGINEERING at the Rutherford College 
of Technolog ~The Director of Education, City Education Office, 
Northumberland Road, Newcastle-upon-Tyne 1 (October 15). 

PRINCIPAL OF THE RUGBY COLLEGR OF TECHNOLOGY AND ARTS— 
The County Education Officer, 22 Northgate Street, Warwick (October 


18). 
LecturER (Grade II) IN THE DEPARTMENT OF MECHANICAL 
ENGINEERING—The Registrar, The University, Live (October 2), 

SENIOR LECTURER IN CIVIL ENGINEERING at Natal Uni 
College, Durban—The Secretary, Universities Bureau of the 
Empire, 8 Park Street, London, W.1 (November 17). 

SENIOR LECTURER IX MATHEMATICS, a SENIOR LECTURER or Luo 
URER IN CHEMISTRY, a SENIOR LECTURER or LECTURER IN ZOOLOGT, 
a LECTURER (man) IN Botany (Plant Physiology), a LECTURER 
CHEMISTRY (Inorga —- a CHEMISTRY — 
LECTURERS (2) IN APPLIED MATHEMA LECTURERS (2) IN 
MATHEMATICS, LECTURERS (2) IN ELnorasca® ENGINEERING, inn 
URERS (2) IN MECHANICAL ENGINEBRING, a WORKSHOP ASSISTANT IX 
CIVIL ENGINEERING, a WORKSHOP ASSISTANT IN ELECTRICAL EnGis- 
BERING, a LECTURER IN SOCIAL 
NATIVE ADMINISTRATION, and a 
Omics, at Natal University C 
Universities Bureau of the Brit Yoon 8 Park Street, ia 
W.1 (November 17). 

LECTURER IN BOTANY at the University of Cape Town—The Secre- 
tary, Universities Bureau of the British Empire, 8 Park Street, London, 
W.1 (November 30). 

DIRECTOR OF THE NATAL MuszuUM—The High Commissioner for 
South Africa, Trafalgar Square, London, W.C.2 (Pietermaritzburg, 
November 30). 

SENIOR LECTURER IN Puysics at Auckland University © 
Auckland, New Zealand—The Secretary, Universities Bureau of 

ire, 8 Park Street, London, W.1 (December 1). 

: ENTOMOLOGIST and an ENTOMOLOGIST for research 
(particularly on control) and general survey of all insect life of the 
country, and an penne at ~| work in ate Protection Division 
= rd applied entomology 

neral of Agricu 
jo ee may ri “Millbank, London, 5 


refractories and an ASSISTANT tage AND 
jon to assist in ‘on 
and Steel Research 





on Wool and Fur fibres, a TECHNICAL OFFICER to 
—— in collaboration with the Senior Technical 
of Library and 


—The tary, Feltmakers’ nn ie 
tion, 12 St. Peter’s Square, 5: , Cheshire. 


SENIOR AGRICULTURAL —— in the es rtment of Economics 
—The a, Wye College ye, Ashf 

INSPECTORS y Minzs in Nigeria— Ne of Recruitment, 
Colonial Serdice, "15 Victoria Street, London, 

LECTURER IN MECHANICAL ieee ane “Principal, Bedford 
Technical ae, 5 Midland. Road, ‘ord. 

SENIOR ASSIST. LECTURER IN ELECTRICAL ENGINEERING at 
Dar! Technical College—The Chief Education Officer, Education 
Office, 


ASSISTANT to > tench ScrEN pase ent MATHEMATICS in ba 


Junior Technical School—The of Dean Mining 
Technical School, Cinderford, Glos. 
LECTURER IN PHYSI athe Principal, Str John Cass Technical 


SSISTANT 
a well-equipped — Laboratory at the Centra 
The Director ucation, Education Office, 
LECTURER IN omen with special 
LECTURER IN MECHANICAL ENGINEERING—The 
Municipal College, Romford Road, Stratford, London, E.15 
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